Immunophenotypic characterization of lymphoid tissue and lymphoproliferative disease in ferrets (Mustela putorious furo) by Coleman, Leslie Ann
IMMUNOPHENOTYPIC CHARACTERIZATION OF LYMPHOID TISSUE AND
LYMPHOPROLIFERATIVE DISEASE IN FERRETS (MUSTELA PUTORIOUS FURO)
by
Leslie Ann Coleman, DVM
Submitted to the Division of Toxicology
in Partial Fulfillment of the Requirements for the Degree of
MASTER OF SCIENCE
in Toxicology
at the
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
May 1997
Copyright
Massachusetts Institute of Technology
All rights reserved
1997
Signature of Author-
Certified by_..
Accepted bvy
OF IT. ' .
JUN 0 31997
3BRAF•ES
Division of Toxicology May 1997
Professor James G. Fox
Thesis Supervisor
Chairman, Department Committee on Graduate Students
Science
---
v
ABSTRACT
Ferrets (Mustela Putoriousfuro) have a high incidence of naturally occurring
lymphoproliferative diseases. Lymphoma is the most common naturally occurring
neoplasm of ferrets. Lymphoma has been documented in ferrets of all ages, and has been
recognized to occur in most organ systems. There is speculation that there may be an
infectious etiology underlying the high incidence of lymphoma in ferrets. It is speculated
that chronic antigenic stimulation may result in a chronic lymphocytic response which could
ultimately, given the right stimulus, develop into a lymphoma. To date, the etiology and
pathogenesis of ferret lymphoma is not well understood. Immunophenotypic
characterization of these syndromes will help in further our understanding of this prevalent
disease in ferrets. Furthermore, many of these ferret syndromes have human analogs and
therefore the ferret is a potential useful model of human lymphoproliferative diseases.
Immunologic tools were identified and characterized in order to study ferret lymphoid
tissue in the normal and diseased states. Three syndromes of ferret lymphoma were
characterized immunophenotypically to determined the nature of the lymphocytic infiltrate.
Young ferrets develop a T-cell lymphoblastic mediastinal lymphoma that has many clinical,
pathologic, and phenotypic characteristics similar to certain non-Hodgkin's lymphomas of
children. Ocular lymphoma has been described in adult ferrets. Phenotypic analysis
determined that this is a T-cell lymphoma. Correlations can be made between this
syndrome and virally induced ocular T-cell lymphomas of humans. Lymphocytic gastritis
and gastric mucosa associated lymphoid tissue (MALT) lymphoma secondary to chronic
Helicobacter mustelae infection in ferrets has many shared features with Helicobacter pylori
associated gastric B-cell MALT lymphoma of people. Chronic lymphocytic gastritis in
ferrets is characterized by a T-cell infiltrate initially with subsequent B-cell follicular
development over time. These B-cell follicles are believed to be the site of lymphoma
development. As with people, ferret gastric lymphoma is of a B-cell phenotype. This
study illustrates the usefulness of the ferret as an animal model of certain human
lymphoproliferative diseases. These diseases have important implications in comparative
medicine both in terms of ferret health and in terms of developing the ferret as a model of
human disease. Immunophenotypic characterization of other lymphoproliferative diseases
in ferrets may aid in improving our understanding of the ferret immune response to chronic
antigenic stimulation and may aid in our understanding of the same phenomenon in
humans.
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INTRODUCTION
Lymphoproliferative diseases have been widely described in the ferret (Mustela
putoriousfuro). (1-24) These diseases have important implications in comparative
medicine both in terms of ferret health and in terms of developing the ferret as a model of
human disease. Many of the ferret syndromes have human analogs and therefore the ferret
can be a useful model of human lymphoproliferative diseases. (18,22,23)
Ferrets of all ages exhibit a high incidence of naturally occurring lymphoma.
Lymphoma has been described in most organ systems. (2-7, 14, 22-24) The etiology and
pathogenesis of this syndrome is not well understood. Immunophenotypic characterization
of these lymphomas will aid in further elucidating this common syndrome in ferrets. A
better understanding of lymphoproliferative disease in ferrets will enable improved
treatment of the disease. Furthermore, as the syndrome is better characterized,
comparisons of the ferret disease with that seen in other species can be made which will
contribute to the overall understanding of lymphoproliferative disease in all species.
There are few immunologic tools commercially available to characterize ferret
lymphoid tissue. As a result, little is known about lymphoproliferative disease in ferrets,
nor about the normal immune system of ferrets. It is critical to establish the normal
distribution of lymphoid cells in healthy adult ferrets prior to assessment of diseased states.
This thesis describes an initial assessment of the distribution of lymphoid cells in normal
lymphoid tissues and in the peripheral blood of healthy adult ferrets. Human lymphoid cell
surface markers which cross react with ferret lymphocytes were employed to establish
ratios of T-lymphocytes and B-lymphocytes in situ. Subsequently these lymphoid cell
surface markers were used to examine several lymphoproliferative syndromes of the ferret.
Young ferrets develop a peracute mediastinal lymphoma similar to that seen in many
other species, including humans.(5) Ten cases of juvenile-onset mediastinal lymphoma
were examined and characterized immunophenotypically to determine if they were of T-cell
or B-cell origin. Genotypic analysis was performed on two of these cases to confirm our
phenotypic analysis. In contrast, adult ferrets tend to develop lymphoma that is more
variable in presentation, and is often characterized clinically by a chronic course of disease.
(2,3) Two subsets of adult lymphoma were characterized immunophenotypically. Ocular
lymphoma was identified in two adult ferrets (24) and subsequently immunophenotyped.
Gastric lymphoma has been recognized in a small subset of adult ferrets with chronic
lymphocytic gastritis secondary to chronic helicobacter infection. (17-21,23) Thirty cases
of lymphocytic gastritis were examined immunophenotypically to identify which subsets of
lymphocytes were involved in the gastritis and to attempt to determine which subsets
tended to proliferate and contribute to the etiopathogenesis of lymphoma.
This thesis intends to establish the normal distribution of lymphocytes within
lymphoid tissue as well as begin to examine certain lymphoproliferative syndromes
common to the ferret. Immunophenotypic characterization of lymphoproliferative disease
in ferrets will enable us to understand the etiology and progression of the disease in ferrets
in the hope to improve the treatment and prognosis for ferrets afflicted with lymphoma. In
addition, it will enable us to more fully evaluate and establish the ferret as a useful animal
model.
BACKGROUND/SIGNIFICANCE
The European ferret (Mustela putoriousfuro) is a member of the mustelid family
which includes the weasel, badger, skunk, otter, and mink. The ferret is a small, easily
handled animal that is well suited to domestication, originally believed to have occurred
over 2000 years ago. (1) Ferrets were originally domesticated for their adeptness at
"rabbiting". (1) During the past century, the ferret was introduced to the biomedical
research community as an important model of Influenza viral infection. (1,25,26,27) Most
recently, ferrets have been introduced to the general population as tractable, adaptable, and
lovable "exotic" pets.
The ferret is gaining in popularity as both a pet and as a research animal and model
of human disease. As a result, knowledge of the basic biology of the ferret and of the
common diseases unique to the ferret is becoming increasingly sought after. Elucidation
of the pathogenesis of the common diseases of the ferret will aid veterinary practitioners
and researchers in developing improved therapies to treat ferrets as well as to contribute to
the perpetual search for appropriate animal models of human disease. However, to study
disease pathogenesis, it is necessary to understand the host response to inflammation and
infection, ie. it is necessary to understand the host immune system. Therefore, it is
paramount to characterize the ferret immune system in both the healthy and the
compromised state in order to fully understand and treat ferret diseases.
Our knowledge of the ferret immune system is limited. The absolute percentage of
lymphocytes in juvenile and adult ferrets is well documented. (1) However, the normal
distribution of T and B-lymphocytes in ferret peripheral blood and tissue has not been
established nor has the lymphocytic response to inflammation, with respect to T and B
lymphocyte subsets, been described. Investigators have attempted to identify
immunoglobulin expressing lymphocytes, presumably B-cells, via complement fixation
and by an indirect immunofluorescence antibody technique. (28) The percentage of
immunoglobulin expressing lymphocytes in peripheral blood ranged from 11-17%,
whereas considerable variation was found amongst splenic lymphocytes of which 10-35%
expressed immunoglobulin. The reported values for immunoglobulin expressing
peripheral blood lymphocytes do fall in accordance with that reported for other domestic
species. Generally, B-cells comprise 15-25% of the total lymphocyte population; T-cells
comprise about 70%; NK cells comprise 5-8%. (31) The limitations of this study are that it
represents an indirect measurement of B-cells, and merely infers that the remaining
lymphocytes must be T-cells. To accurately quantitate T and B-cell subpopulations of
lymphocytes, lymphocyte specific antibodies should be employed. Ideally, one would use
an antibody specific for ferret B-cells and an antibody specific for ferret T-cells to separate
out the respective populations of cells. However, the commercial availability of ferret
specific lymphoid antibodies is limited. Therefore creative means of developing specific
assays to separate out ferret lymphocytes must be employed.
Lymphocyte proliferation assays have been performed on ferret lymphocytes.
(26,27,29,30) As expected, a subset of lymphocytes will proliferate in response to the T-
cell mitogens, Concanavalin A and Phytohemagglutinin, and a different subset of
lymphocytes will proliferate in response to the B-cell mitogen, Pokeweed mitogen.
Furthermore, if lymphocytes are separated on the basis of Fc receptors, which presumably
separates B cells from non-B cells, these subpopulations will respond accordingly to the
appropriate mitogen. (26) These assays demonstrate that ferret lymphocytes have similar
proliferative responses to mitogens as that seen in other domestic species.
Presently, we can infer that the population of B-cells and T-cells in ferrets is
comparable to other domestic species in terms of number and basic proliferative
capabilities. However, the function and distribution of ferret lymphocyte populations in
vivo has not been elucidated which is critical to understanding disease pathogenesis. First,
lymphocyte distribution in situ must be established and then function can be elucidated.
It is helpful to distinguish between T-lymphocytes and B-lymphocytes as their
functions are quite distinct. B-lymphocytes produce immunoglobulins which are important
in the recognition and elimination of extracellular foreign antigen. (31,32) Immunoglobulin
binding neutralizes the foreign antigen prior to initiating opsonization of the antigen, and
activation of complement which aids in phagocytosis of the foreign antigen. This B-
lymphocytic response is termed the humoral response. (31,32) T-lymphocytes are integral
players in the cell-mediated immune response as well as the humoral response. T-
lymphocytes are important in the recognition and elimination of intracellular foreign
antigen. T cells recognize specific peptide sequences that are expressed by the major
histocompatibility complex (MHC) on the surface of a cell which contains foreign antigen,
ie, viral. Certain T cells, cytotoxic/CD8 T-cells are able to directly kill cells that are
infected with foreign antigen. These cytotoxic T-lymphocytes recognize MHC Class I
molecules. Other T cells, CD4+ T-lymphocytes, play a crucial role in the activation of
other lymphocytes, both B cells and T cells. (31,32) CD4+ T-lymphocytes recognize
MHC Class II molecules expressed on macrophages and on B lymphocytes which have
internalized foreign antigen. CD4 T-lymphocytes are further subdivided into TH 1 and TH2
subclasses. TH1 cells activate macrophages to aid in killing intracellular bacteria. TH2 cells
activate B cells to produce antibody and thereby initiate the humoral immune response.
Thus, the role of the T-lymphocyte is that of an effector cell. (31) T-lymphocytes and B-
lymphocytes work synergistically to protect the host against pathogenic invaders. The
interaction of the immune system is carefully regulated. On occasion, this regulation fails
due to either external forces (viruses) or due to internal forces (cytokines) and
lymphoproliferation ensues. (31)
Lymphoproliferative diseases have been widely described in the ferret. (1-24)
Lymphoproliferative diseases include a wide spectrum of benign and malignant syndromes,
ranging from reactive lymphocytosis and lymphadenopathy to lymphoma. These diseases
have important implications for pet ferrets as well as for research animals. Generally, these
syndromes affect all ages, and often have prolonged clinical courses and, potentially, a
poor prognosis. The etiology and pathogenesis of many of these disease syndromes is
not well understood. Infectious agents have been linked with certain syndromes, and there
is speculation of an infectious etiology to others. Determining the nature of the lymphocytic
response in these syndromes may aid in further understanding the disease process and the
associated pathology.
Aleutian Disease Virus is a parvo virus of mink that can infect ferrets. (1,9-13) It
induces a lymphocytic-plasmacytic response in numerous tissues. Clinically, affected
ferrets may have vague, non-specific signs of malaise, inappetence, and weight loss.
Hypergammaglobulinemia is a salient feature. Posterior paresis and urinary incontinence
have been described. Gross lesions include enlargement of the thymus, hepatomegaly,
splenomegaly, and lymphadenopathy. Histologically, lesions are characterized by a
lymphoplasmacytic infiltrate in many tissues. It has been suggested that ADV may be
associated with lymphoma in ferrets. (14) However, this finding has not been
substantiated by other studies on ferret lymphoma. (2-5)
Enzootic malignant granulomatosis is a syndrome that was described in the late
1940's. A single outbreak involving a group of young ferrets was described in which the
ferrets succumbed to widespread disseminated granulomas affecting the mesenteric and
peripheral lymph nodes. Histopathology was suggestive of an infectious etiology although
none was identified. Lesions were characterized by granulation tissue surrounded by
lymphocytes, lymphoblasts, plasma cells, neutrophils, fibroblasts and large epitheloid
cells. This syndrome has not been reported again. (1)
Epizootic catarrhal enteritis is a highly contagious diarrheal syndrome of unknown
etiology. Clinical signs and gross lesions are generally non-specific. However,
microscopically, the syndrome is characterized by a lymphocytic infiltrate throughout the
small intestine. Lymphocytes are generally found amongst the mucosal epithelial cells.
Other histologic features include villus atrophy, fusion, and blunting, and necrosis of apical
enterocytes. (15)
Idiopathic hypersplenism has been reported sporadically in ferrets. This syndrome
is characterized by splenomegaly, anemia of chronic disease, and leukocytosis. The
leukocytosis is secondary to marked extramedullary hematopoiesis which usually reverses
following splenectomy. This syndrome can be misdiagnosed as splenic lymphosarcoma
due to the large numbers of lymphocytes, both mature and blastic forms which infiltrate the
spleen. The etiology is unknown. (1, 16)
Chronic interstitial nephritis occurs with relative frequency in ferrets of all ages.
Clinically, ferrets present with signs of renal disease or renal failure. There is suggestion
that the disease may be secondary to a high protein commercial cat diet. Gross lesions are
consistent with chronic insult with subsequent fibrosis and scarring. Microscopically,
fibrosis is widespread, affecting glomerular,tubular, and interstitial tissue. A lymphocytic
plasmacytic infiltrate can be found compressing and effacing the interstitium. (15)
Chronic lymphocytic gastritis secondary to Helicobacter mustelae infection is well
recognized in the ferret. (17-21) Helicobacter mustelae was first isolated from the gastric
mucosa of ferrets in 1986. (17) The prevalence of Helicobacter infection in ferrets is close
to 100%. (18) Colonization is believed to occur at weaning age and persists throughout the
life of the ferret. Clinical signs are uncommon although both gastric and duodenal ulcers
have been reported which could certainly contribute to feelings of malaise, inappetence, and
bruxism. Helicobacter mustelae colonization is limited largely to the gastric antrum and
pylorus. (18,19) Ferrets chronically infected with Helicobacter develop histologic changes
in the gastric mucosa consistent with that seen in humans that are infected with Helicobacter
pylori. Superficial gastritis, diffuse antral gastritis, and chronic atrophic gastritis have all
been described in ferrets known to be infected with H.mustelae. (18,19) Superficial
gastritis has been defined as an inflammatory infiltrate and mucus depletion limited to the
superficial gastric mucosa. Diffuse antral gastritis is defined as mucus depletion and an
inflammatory infiltrate which involves all layers of the antral mucosa. Chronic atrophic
gastritis is defined as glandular atrophy in addition to an inflammatory infiltrate in either the
antrum or the body. Chronic atrophic gastritis is considered to be a possible prelude of
gastric ulcerogenesis and gastric carcinogenensis. (33) Age matched controls specific
pathogen free for H. mustelae do not demonstrate histologic changes consistent with
gastritis of any severity. (18) The primary difference between Helicobacter associated
gastritis described in ferrets and that commonly seen in humans is the character of the
inflammatory infiltrate. In humans, the inflammation is typically polymononuclear in
nature, whereas ferrets characteristically exhibit a lymphocytic-plasmacytic infiltrate in
response to Helicobacter infection. Interestingly, children tend to exhibit a lymphocytic-
plasmacytic infiltrate as well in contrast to that seen typically in adults infected with
H.pylori. (18)
Lymphoma is the most common naturally occurring neoplasm of ferrets. (1-3)
Cluster outbreaks of lymphoma have been described suggesting a potential infectious
etiology. (4) Lymphoma has been described in ferrets of all ages and involving all
systems. Two distinct syndromes have been described based on the age of the ferret.
Young ferrets tend to develop a rapidly progressive syndrome characterized clinically by
peracute mortality with few clinical signs or by a clinical syndrome that is characterized by
dyspnea, weakness, and anorexia which may progress over days to weeks but results in a
mortality rate of close to 100%. (2,3,5) Adult ferrets develop lymphoma which tends to be
of a more chronic nature. (2,3) These ferrets may live for several years after a diagnosis of
lymphoma is made. Clinical signs tend to wax and wane, and are generally of a non-
specific nature. Organ system involvement can be widespread in any ferret with
lymphoma. The majority of juveniles tend to develop mediastinal lymphoma, presumably
of thymic origin. Adults typically develop generalized lymphadenopathy, and
splenomegaly. (2,3) Ocular lymphoma and cutaneous lymphoma have been described.
(6,24)
Numerous classification schemes have been developed to categorize lymphomas
according to clinicopathologic features. Each scheme has pros and cons. No one
classification scheme has been recognized as superior by all pathologists. Ferret
lymphomas have historically been classified according to the National Cancer Institute's
Working Formulation for classification of non-Hodgkin's lymphomas. (40) The
lymphoma seen in young ferrets is consistent with the NCI classification of either a small,
non-cleaved lymphoma or an immunoblastic lymphoma. In adult ferrets, the lymphoma is
often more polymorphic. Small, non-cleaved and immunoblastic lymphomas are seen in
adult ferrets as well as immunoblastic polymorphic and diffuse small lymphocytic
lymphoma. The ocular lymphoma described in two adult ferrets was consistent with the
NCI classification of a small, non-cleaved lymphoma.
Imunnophenotypic characterization of these syndromes is critical to further
understanding of the disease in ferrets and for further evaluation of the ferret as a model of
human disease. This thesis focuses on characterizing three syndromes of lymphoma in the
ferret which are of considerable importance to ferret biology and disease and which have
human analogs and therefore may be of importance in studying certain human disease
syndromes.
Mediastinal lymphoma in young ferrets resembles a subset of mediastinal
lymphomas common to young children. The disease in ferrets and in children is
characterized by an aggressive lymphoma. (41,42,43) The clinical course is rapid and is
usually fatal in ferrets. In children, the lymphoma can be treated successfully with
chemotherapeutic agents if treatment is begun early in the course of disease. (44) In the
ferret, the disease is important as it is not uncommon, and the mortality rate approximates
100%. Treatment of mediastinal lymphoma in ferrets has not been successful due to
inadequate early diagnosis of the disease. A better understanding of the syndrome in
ferrets may enable an earlier diagnosis, improved therapy, and improved prognosis for
ferrets as well as for children with a similar disease syndrome.
Ocular lymphoma in ferrets is aggressive clinically. (24) Many features of the ferret
syndrome parallel that seen in other species. Ocular lymphoma is often part of a systemic
lymphoma. Ocular lesions have been described in association with many virally-induced
lymphomas of several species. In people, the majority of ocular lymphomas are of B-cell
origin, however virally induced ocular lymphomas are primarily a T-cell phenotype. (45-
49) Determination of the immunophenotype of ferret ocular lymphoma will aid in making
correlations between the ferret neoplasm with that of other species. Hopefully, such
comparisons will enable us to understand the pathogenesis of the ferret syndrome.
Chronic Helicobacter infection has been linked with the development of gastric
mucosa associated lymphoid tissue (MALT) lymphoma in people. (34-38) People infected
chronically with H. pylori develop lymphoid follicles in the gastric antrum. Over time,
chronic antigenic stimulation secondary to H. pylori is believed to cause the further
development and enlargement of these gastric lymphoid follicles. Eventually, these
lymphoid follicles may progress to a B-cell MALT lymphoma. Interestingly, eradication of
the Helicobacter organisms with antibiotics will cause the MALT lymphoma to regress.
(39) It is controversial as to whether these lymphomas can be considered to be truly
neoplastic since they are antibiotic responsive. Nonetheless, there does seem to be a
correlation between chronic Helicobacter infection and the development of MALT
lymphoma. Recently, a similar finding was reported in ferrets chronically infected with H.
mustelae. (23) Four aged (>5 years) ferrets naturally infected with H. mustelae developed
primary gastric MALT lymphoma. These ferrets had histologic changes consistent with
that seen in humans diagnosed with MALT lymphoma. Lymphoid follicles,
lymphoepithelial lesions, and B cell light chain clonality were identified in all four ferrets.
The lymphoma was limited to the antrum, the site of chronic Helicobacter associated
gastritis. It can be inferred that the gastric MALT lymphoma arose secondary to chronic
lymphoproliferation secondary to chronic Helicobacter infection as postulated in humans.
Helicobacter mustelae induced gastritis and gastric lymphoma in ferrets is a good model of
the analogous syndromes in humans associated with Helicobacter pylori. (18) There are
many similar histologic features shared by ferrets and people with gastric MALT
lymphoma. The phenotype of the ferret lymphoma is an important parameter that needs to
be evaluated so that further correlations can be made between ferret and human gastric
lesions. The ferret could prove to be very useful in the elucidation of the theory that
lymphoproliferation secondary to chronic bacterial stimulation could result in the
development of lymphoma.
The immunophenotypic characterization of these lymphoproliferative syndromes in
ferrets will add one more dimension to the knowledge base of ferret biology and disease.
Hopefully this will aid in the meaningful evaluation of the ferret as an animal model of
human disease in the future. The more we can learn about a syndrome in one species, the
better our ability to learn about analogous syndromes in other species. Drawing on the
parallels and on the differences of similar syndromes in different species adds to the base of
knowledge in comparative medicine as a whole.
ANTIBODY CHARACTERIZATION
INTRODUCTION
Classification of lymphocytes into functional subsets is important in understanding
normal and pathological immune responses, and for characterizing lymphoproliferative
diseases. Lymphocytes can be broadly categorized into two distinct populations based on
function. (31,32) B lymphocytes produce immunoglobulin and are important in the
humoral immune response. T lymphocytes play an important role as effector cells and in
the cell-mediated immune response. Microscopically, these two distinct populations of
lymphocytes are indistinguishable. However, there are distinct differences between these
classes of lymphocytes at the molecular level which can be identified and which are
important in cell function. Numerous cell surface-associated lymphoid antigens have been
identified in humans and many of the domestic species.(31,32) Many cell surface antigens
are uniquely expressed by mature B cells whereas other cell surface antigens are uniquely
expressed by mature T cells, or the T cell subsets. These lymphoid antigens can be used as
markers of T and B lymphocytes and of their respective subsets to study lymphocyte
distribution in normal and diseased states.
In the ferret, few lymphoid specific markers exist. In fact, the only commercially
available ferret specific marker is a polyclonal goat anti-ferret immunoglobulin (heavy &
light chain) antibody (Kirkegaard & Perry). This ferret specific immunoglobulin antibody
is useful in identifying B cells via flow cytometry. However, this antibody has very
limited applications with regards to in situ characterization as it only recognizes B-
lymphocytes which are actively expressing and secreting immunoglobulin. Furthermore,
immunoglobulin antibodies in general tend to demonstrate a high degree of background
staining due to non-specific cross-reactivity with other cells which may express Fc
receptors (ie. dendritic cells). (50) Due to the scarcity of ferret specific antibodies, ferret
lymphoid tissue has not been adequately characterized in situ with regards to T-cell and B-
cell distribution.
Five commercially available cell surface lymphoid antigen markers were identified
which can be used to differentiate ferret T and B lymphocytes. The antibodies were used to
detect healthy and pathologic lymphoid tissue in situ by immunohistochemistry assays, or
to detect classes of circulating peripheral blood lymphocytes via flow cytometric analysis.
All five antibodies are specific for human lymphocytes yet were shown to cross-react with
ferret lymphocytes with a high degree of specificity. Specificity of these markers was
demonstrated by in situ labeling, flow cytometric analysis, and by molecular techniques.
Polyclonal rabbit anti-human CD3 (DAKO) recognizes ferret T-lymphocytes in situ.
Monoclonal mouse anti-human CD79a (DAKO) recognizes ferret B-lymphocytes in situ.
Polyclonal rabbit anti-human kappa immunoglobulin light chain (Biomeda) and polyclonal
rabbit anti-human lambda immunoglobulin light chain (Biomeda) recognize ferret B-cell
subsets both in situ and by flow cytometry. OKT8 (Ortho), a human monoclonal antibody
specific for the CD8 antigen, will recognize a subset of ferret lymphocytes by flow
cytometry. (Table 1)
METHODS & MATERIALS
Antibodies:
Polyclonal rabbit anti-human CD3 and monoclonal mouse anti-human CD79a were
used on formalin fixed paraffin-embedded ferret lymphoid tissue. Polyclonal rabbit anti-
human lambda light chain immunoglobulin and polyclonal rabbit anti-human kappa light
chain immunoglobulin were used on both formalin fixed paraffin-embedded tissue and on
fresh ferret peripheral blood lymphocytes. OKT8 was used on fresh ferret peripheral blood
lymphocytes.
Antibody Specificity:
Lymph node, spleen, and thymus from clinically normal ferrets were processed for
immunohistochemistry to evaluate the affinity of the rabbit anti-human CD3 and the mouse
anti-human CD79ca antibodies for ferret lymphoid tissue. Peripheral blood lymphocytes
(106-107) from healthy ferret donors were isolated by ficol-hypaque density separation for
use in a flow cytometry assay to evaluate the affinity of the kappa, lambda, and OKT8
antibodies for ferret lymphocytes. Fresh lymphocytes (108) were isolated from the
thymus, spleen, and lymph nodes from healthy ferret donors for use in a Western Blot
assay to confirm that the polyclonal CD3 antibody and the monoclonal CD79a antibody
recognize ferret T cells and B cells, respectively, based on molecular weight analysis.
Table 1: Human specific Lymphoid Antibodies which Cross-React with Ferret Lymphoid Tissue
ANTIBODY ANTIGEN ASSAY TISSUE
T-cells
B-cells
B-cell, subset
B-cell, subset
CD8+ T-cell
Immunohistochemistry
Immunohistochemistry
Immunohistochemistry
Flow Cytometry
Immunohistochemistry
Flow Cytometry
Flow Cytometry
Formalin-fixed lymphoid tissue
Formalin-fixed lymphoid tissue
Formalin-fixed
Fresh peripheral
Formalin-fixed
Fresh peripheral
lymphoid tissue
blood lymphocytes
lymphoid tissue
blood lymphocytes
Fresh Peripheral blood lymphocytes
CD3
CD79ao
KIg
Mlg
OKT8
Immunohistochemistry:
Slides were warmed to 56C for 30 minutes and subsequently deparafinized and
rehydrated in a series of xylene and ethanol baths at 25C. All subsequent manipulations
were carried out at room temperature. For the CD3, kappa, and lambda antibodies,
endogenous peroxidases were inhibited by incubation in Methanol and 3% H202 for 20
minutes. Slides were washed with Tris-buffered saline, pH 7.4 (TBS), then incubated in
pronase (200u/50ml TBS) for 10 minutes, washed extensively in H20, and then in TBS.
For the CD79a antibody, slides were processed by a heat-based antigen retrieval method.
(51) Slides were immersed in Citrate buffer, pH 6.0, and boiled 2X for 5 minutes in a
microwave oven. Endogenous peroxidases were inhibited by incubation in Methanol,
0.3% H202, and 0.1% sodium azide. Slides were subsequently washed in TBS. The
primary antibody (CD3, CD79a, kappa, lambda, non-immune rabbit serum, or non-
immune mouse serum) was applied at a 1:100 dilution for 60 minutes. The slides were
washed in TBS and the secondary antibody (biotinylated goat anti-rabbit IgG or
biotinylated rabbit anti-mouse IgG) was applied at a 1:100 dilution for 30 minutes. Again,
the slides were washed in TBS, and streptavidin-horseradish peroxidase applied for 30
minutes. Diaminobenzidine was used as the color substrate. Slides were allowed to air dry
and were cover-slipped for subsequent microscopic evaluation. Positive reactions were
detected by a brown staining of the cytoplasm of the lymphocyte. (Figure 1)
Flow Cytometry:
Fresh peripheral whole blood (100ul) from adult ferret donors was washed 2X in
phosphate buffered saline (PBS) and 0.1% Bovine serum albumin (BSA) to decrease non-
specific binding. Samples were incubated with 100ul of the primary antibody (rabbit anti-
human kappa light chain immunoglobulin, rabbit anti-lambda light chain immunoglobulin,
OKT8, or FITC-conjugated goat anti-ferret heavy and light chain immunoglobulin) for 20
minutes. Samples were washed in PBS, and incubated with a secondary antibody labeled
with either FITC, green fluorescence, or phycoerytherin (PE), red fluorescence for 20
minutes. Samples were washed in PBS and subsequently the red blood cells were lysed
with Uti-Lyse (DAKO). Samples were washed 2X in PBS and resuspended in PBS/1%
formalin and stored at 4C until analysis via the flow cytometer.
(Figure 2)
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Figure 1. Schematic of immunohistochemistry assay.
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Figure 2: Schematic of Flow Cytometry
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Determination of Ferret Kappa:Lambda Ratio:
The ferret kappa: lambda ratio was determined by two different means -
immunohistochemistry and flow cytometry. Semi-quantitative analysis was performed by
counting positively stained lymphocytes in sections of normal formalin-fixed paraffin-
embedded ferret small intestine stained by immunohistochemistry. 100 positively stained
lymphocytes in 3 fields at 100X magnification were counted in sections of small intestine
from 10 healthy ferrets. The percentage of kappa+ cells versus lambda+ cells was
determined and subsequently, the ratio of kappa:lambda positively stained cells was
calculated. To verify the immunohistochemical results, fresh peripheral blood lymphocytes
were stained with the kappa and lambda antibodies and evaluated by flow cytometry. Two
experiments were performed. A double labeling experiment to verify that the antibodies
were labeling mutually exclusive populations of cells was performed first. Each sample
was labeled first with FITC kappa, and subsequently labeled with RPE lambda. These
samples were then compared to samples of lymphocytes labeled with FITC goat anti-ferret
IgG. The second experiment entailed the labeling of peripheral blood lymphocytes from
several ferrets every four weeks to evaluate the consistency of the antibody specificity.
Percentage of positive cells from both experiments was determined to obtain a ferret
kappa:lambda ratio.
Western Blot Analysis:
To confirm that the rabbit anti-human CD3 antibody recognizes ferret T cells and
the mouse anti-human CD79a antibody recognizes ferret B cells, western blot analysis was
performed. Fresh lymphocytes (108) were isolated from the thymus, spleen, and lymph
nodes from healthy ferret donors. Cells were lysed in Ripa Lysis Buffer and run on a
12.5% acrylamide gel. The proteins were electrophoretically transferred to a nitrocellulose
filter over 4 hours. The filter was blocked in 10% nonfat milk and 1% bovine serum
albumin (Sigma) overnight at 4C, washed 3X in PBS/Tween and then incubated with the
primary antibody (CD3 or CD79a) for 1 hour at room temperature. The filter was washed
3X in PBS/Tween prior to incubation with the secondary antibody (peroxidase labeled anti-
rabbit IgG or peroxidase labeled anti-mouse IgG) for 1 hour at room temperature. The
filter was then washed 6X in PBS/Tween prior to detection via ECL system (Amersham
Life Science). (Figure 3)
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Figure 3. Schematic of Western Blot Analysis
RESULTS
Immunohistochemistry:
The rabbit anti-human CD3 antibody and the mouse anti-human CD79a antibody
recognize ferret T and B lymphocytes, respectively. A similar staining pattern was
observed in both a human lymph node and in the ferret lymph node. CD3 positive cells
were identified in the cortical interfollicular region, the site of T lymphocytes. Few CD3
positive cells could be found in the follicles, the site of B lymphocytes. CD79cX positive
cells were identified in the lymph node follicles, but not in the cortical interfollicular region.
In the ferret spleen, CD3 positive cells were identified in the peri-arteriolar lymphoid sheath
(PALS), a T lymphocyte rich zone. CD79ac positive cells were identified in the splenic
follicles, a B lymphocyte rich zone. In the thymus, the majority of the cells were CD3
positive, and CD79a negative. (Table 2) (Figure 4)
Flow Cytometry:
Four antibodies (goat anti-ferret IgG, OKT8, rabbit anti-human kappa/lambda light
chain immunoglobulin) were identified which were capable of detecting viable ferret
peripheral blood lymphocytes by flow cytometry. Blood samples from a group of 10
ferrets were analyzed numerous times over a twelve month period. Percentages of
lymphocyte subsets remained consistent within an individual ferret over time. Ferret
specific IgG will label 25-40% of ferret peripheral blood lymphocytes. OKT8 will label
15-25% of ferret peripheral blood lymphocytes which correlates with the percent of CD8+
lymphocytes seen in other species. Rabbit anti-human kappa light chain immunoglobulin
and rabbit anti-human lambda light chain immunoglobulin label 10-20 % of ferret
peripheral blood lymphocytes, respectively. (Figure 5&6)
Kappa:Lambda Ratio:
The number of lymphocytes positively labeled with kappa Ig in lymphoid tissue
from normal healthy ferrets approximated the number of lymphocytes positively labeled
with lambda Ig. The lamina propria of the ferret small intestine contains a diffuse
population of lymphocytes which were detected by the kappa and lambda antibodies in
equal numbers. Semi-quantitative analysis of the lymphocyte staining by
immunohistochemistry resulted in a kappa:lambda ratio of 1.2:1. Quantitative analysis by
flow cytometry resulted in a comparable kappa:lambda ratio of 1:1 which remained
Table 2: REACTIVITY OF CD3 AND CD79a ANTIBODIES IN FERRET LYMPHOID TISSUE
LYMPH NODE
CD3
CD79a
SPLEEN THYMUS
25
CorticalCortical Peri-Arteriolar Cortex &interfollicular.interfollicular Lymphoid Sheath Medulla
zone
Follicles Follicles negative
Figure 4: Normal Ferret Spleen labeled with CD3 (top)
Normal Ferret Lymph Node labeled with CD79o0 (bottom)
Figure 5: Flow Cytometric Results of IgG, OKT8, kappa Ig, and lambda Ig
Reactivity with Ferret Peripheral Blood Lymphocytes
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Figure 7: Normal Ferret Small Intestine labeled with Kappa Ig (left)
and labeled with Lambda Ig (right)
consistent in several ferrets evaluated over a several month period. The double labeling
flow cytometric experiment demonstrated that the antibodies are labeling consistently
mutually exclusive populations of lymphocytes. Comparison of the kappa/lambda labeling
with the ferret specific IgG illustrates that the combined positive kappa and lambda
lymphocytes equals the percentage of lymphocytes labeled with IgG as expected. (Figure7)
Western Blot Analysis:
Western blot analysis confirmed that the rabbit anti-human CD3 antibody is
recognizing an antigen, approximately 20kD, on ferret lymphocytes which corresponds
with the known molecular weight of the CD3 molecule (Figure 8) and the mouse anti-
human CD79ox is recognizing an antigen of 47kD corresponding with the known molecular
weight of the mb-1 antigen of the B cell receptor. (Figure 9)
DISCUSSION
The CD3 antigen is a complex of 5 polypeptides (y,8,E,4,r ), of approximately 20
kDa. (52) The CD3 molecule is structurally and functionally associated with the T-cell
receptor (TcR), a 90 kD disulfide linked heterodimer (o/1) or (y/8). (Figure 10) The
CD3/TcR complex is important in signal transduction, and recognition of foreign antigen.
The CD3 molecule is a transmembrane molecule with long cytoplasmic extensions that are
able to interact with cytosolic protein tyrosine kinases. A cascade of intracellular events is
initiated resulting in cellular activation. (31) Expression of the CD3 antigen is unique to T-
lymphocytes, although weak expression by purkinje cells in the cerebellum has been
described. (53) Cytoplasmic expression of the CD3 antigen early on in T-cell maturation
has been described (54). Mature T-lymphocytes express CD3 on their surface. It is well
documented that CD3 continues to be expressed in many T-cell neoplasms. (55,56)
Dako's polyclonal rabbit anti-human CD3 antibody recognizes a conserved
intracytoplasmic epitope on the c subunit, believed to be the most immunogenic of the 5
associated polypeptides. (57)
All mature T cells express CD3 in conjunction with the T cell receptor.
Additionally, all mature T cells express co-receptor molecules, either CD4 or CD8. These
co-receptor molecules aid in the affinity of binding between an antigen and the CD3/TcR
molecules. (52) CD4 and CD8 play an important role in the recognition of the major
histocompatibility complex (MHC). (31) CD4 is expressed by a subset of T cells, termed
Figure 8: Western Blot - Ferret Lymph Node labeled with anti-CD3
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Figure 9: Western Blot - Ferret Lymph Node labeled with anti-CD79cx
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"helper" T cells. CD4 is MHC, class II restricted. The expression of MHC class II
molecules is generally limited to B cells and macrophages. The function of CD4 is to
activate B cells and macrophages to either produce immunoglobulin or to induce
phagocytosis and killing, respectively. Structurally, CD4 is a 55 kDa membrane
glycoprotein composed of four immunoglobulin-like domains. The cytoplasmic domain
plays a role in signal transduction by interacting with intracellular tyrosine kinases. CD4
binds the MHC molecule at a site distinct from the site bound by the CD3/TcR complex,
thereby increasing the binding specificity and avidity for a specific antigen. (31)
CD8 is expressed by a subset of T cells, termed either "suppressor" T cells or
"cytotoxic" T cells. CD8 is MHC, class I restricted. MHC class I expression is more
widespread than that of class II expression. The majority of nucleated cells express MHC
class I molecules, although differential expression of MHC I exists dependent on the cell
type. MHC I molecules process and present short peptides from cytosolic pathogens on
their cell surface. The function of CD8 is to kill any cell which is expressing these foreign
peptides. Structurally, CD8 is a 32 kDa membrane glycoprotein consisting of a disulfide
linked heterodimer. Each chain of the heterodimer contains a single immunoglobulin-like
domain. Analogous to the CD4, the cytoplasmic domain of the CD8 molecule plays a role
in signal transduction by interacting with intracellular tyrosine kinases. CD8 binding
increases the affinity of binding with viral or other intracytosolic antigens that are MHC,
class I restricted. (31,52)
OKT8, a human monoclonal antibody specific for the CD8 antigen, has been
shown to recognize the CD8 antigen in mink. (58) We have done preliminary work with
this antibody in ferrets. OKT8 recognizes a subset of ferret peripheral blood lymphocytes
by flow cytometry. The antibody consistently recognizes 15-25% of circulating ferret
peripheral blood lymphocytes which correlates with the percent of CD8+ lymphocytes seen
in other species. (31) The OKT8 antibody was not used in any of the retrospective studies
on ferret lymphoproliferative disease because it can not be used on formalin-fixed paraffin-
embedded tissues. This antibody will be useful on any prospective or ongoing studies that
evaluate lymphocyte subsets in the ferret. To date, however, we do not have an antibody
which will recognize the complementary CD4+ T-lymphocyte subset in ferrets.
TcR
CD3
T CELL
Figure 10. Structural model of CD3/T-cell receptor complex.
(Adapted from Kuby, 1992)
B lymphocytes express cell-surface immunoglobulins. Surface immunoglobulins are
associated with a heterodimer comprised of an alpha and beta chain that are the products of the
mb-1 gene and the B29 gene respectively. (59-62) (Figure 11) The mb-1 and B29 molecules
comprise the B cell antigen receptor complex which is involved in signal transduction
analogous to the CD3/TcR complex of T cells. (63) The CD79x , or mb- 1, antigen is a
polypeptide of approximately 47 kDa and its expression is unique to all B cells. (60)
Mb-1 is expressed early on in B cell development and continues to be expressed through the
terminally differentiated plasma cell stage. (61,62) It has been reported that mb- 1 expression
persists in the plasma cell stage, when surface immunoglobulins can no longer be detected.
Mb- 1 plasma cell expression is typically cytoplasmic. (60) Dako's mouse anti-human CD79a
antibody recognizes a conserved intracytoplasmic epitope on the C-terminus of the mb-1
polypeptide of the B cell receptor.
Surface immunoglobulins are comprised of four polypeptides, two heavy chains
and two light chains. There are two types of light chains, kappa and lambda. Each
immunoglobulin molecule expresses only one type of light chain, either kappa or lambda.
(Figure 12) (31, 64) Expression of either kappa or lambda is determined early on in B
cell differentiation. There is no known functional difference between the two light chains.
Expression of the light chains is variable between species but consistent within a species.
(65,66) Antibodies have been developed which are specific for either the kappa or lambda
light chains. These antibodies are very useful in the differentiation of lymphoproliferation
and lymphoma. (67-71) In most species, a given population of B cells will randomly
express a mix of kappa and lambda immunoglobulins. Overexpression of one light chain is
indicative of a clonal expansion of one immunoglobulin suggestive of malignancy.
Immunoglobulin diversity is achieved via a sequence of gene rearrangements which
begin in the immature B cell stage. (31, 72) (Figure 13) Gene rearrangement of both the
heavy and light immunoglobulin chains occurs. The heavy chain consists of a variable
region (VH), a diversity region (D), and joining region (JH) all of which will recombine to
form a complete variable region which will bind with the constant region. There are 200-
1000 variable gene segments, fifteen diversity gene segments, and four joining gene
segments which can yield an extraordinary number of unique immunoglobulin heavy chain
gene rearrangements. In the pro-B cell stage one D segment will pair with one JH segment
on both chromosomes. Subsequently, one VH segment will join with the DJH complex on
Figure 11. Structural model of B-Cell antigen receptor complex.
(Adapted from Reth, 1995)
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one chromosome. Therefore, by the pre-B cell stage heavy chain rearrangement has
occurred resulting in a unique VHDJHC complex. Light chain rearrangement occurs in the
pre-B cell stage. The light chain consists of a variable region (VL), and a joining region
(JL) which recombine to form the complete variable region which binds with the constant
region. In the mouse, the kappa light chain consists of 250 variable gene segments and
four joining segments. The lambda light chain consists of only two variable gene segments
and three joining segments. In general, the kappa light chain will rearrange first. If
unsuccessful, the lambda light chain will rearrange. Final rearrangement of the light chains
is antigen dependent. The immature B cell will express IgM. Further changes in
immunoglobulin specificity can occur once an antibody recognizes an antigen via a
mechanism called somatic hypermutation. Eventually a B cell will differentiate into a
plasma cell capable of secreting large amounts of specific antibody.
Immunoglobulin diversification results in numerous B cells that can recognize a
vast array of antigens. The gene rearrangement of a B cell should be unique. In an
individual, B cell genomic expression tends to be polyclonal. B-cell tumors however, are
the result of the clonal expansion of a single neoplastic B cell. This results in numerous
copies of a single rearranged B cell which can be detected. As a result, a normal B cell
response should be polyclonal, ie. a mix of B cells with different gene rearrangements.
An abnormal B cell proliferation, or a B cell neoplasm, will be monoclonal, ie. all B cells
will have the identical gene rearrangement.
Kappa and lambda light chain antibodies are a very useful tool for the study of
lymphoproliferative diseases in humans. (67-71) These antibodies take advantage of the
concept that an individual should normally express roughly equal numbers of kappa and
lambda B cells. If a clonal shift is detected, ie. an excess of one light chain over the other,
then the lymphoproliferation can be considered to be monoclonal which is suggestive of a
neoplasm. This kappa/lambda tool is only useful in those species that normally express an
equal number of kappa and lambda B cells. Expression of kappa and lambda is highly
variable between species. In the mouse, kappa expression far exceeds lambda expression
at a ratio of 201c+: 1X+ B cells in the circulation and in the tissues. In cows, the opposite is
true. Lambda expression far exceeds kappa expression. (65) As a result, kappa/lambda
analysis is not very useful in these species. Normal lymphoproliferative responses will
appear monoclonal. In order to determine if these tools would be useful in the ferret, the
normal kappa:lambda ratio had to be determined. This ratio was determined by analyzing
circulating peripheral blood lymphocytes by flow cytometry and by analyzing the
distribution of kappa and lambda lymphocytes in situ by immunohistochemistry assays.
The ferret kappa:lambda ratio was determined to be 1.2:1 which is similar to that seen in
humans. Thus, kappa/lambda analysis in the ferret is potentially a very useful diagnostic
tool. (Figure 14)
The phenotypic characterization of cell populations can be accomplished by
numerous techniques. There are advantages and disadvantages to all techniques. No
single technique can be employed to assess the characteristics of a cell population. Certain
techniques allow one to study populations of cells in situ which provides important
information with regards to the interactions of different cell populations. One can also
isolate cells and study suspensions of cells to evaluate molecular parameters as well as
phenotypic expression of cellular markers.
Immunohistochemistry is an effective means to phenotype cells in situ. The
technique is based on the premise that antibodies are specific for an antigen, and that the
antigen-antibody binding is stable with relatively high affinity for its target. This affinity
allows the antibody to find its target amongst many hundreds of antigens. (31) The
binding is stable enough to survive repeated washings which enables one to utilize a
sandwich technique common to many immunologic methods. The general principle entails
a primary antibody which recognizes the antigen of interest. A secondary antibody is used
which is capable of recognizing the primary antibody. The secondary antibody is
usually labeled with a tag that can be recognized by a substrate which can undergo a color
change thereby allowing the visual detection of the cell of interest. In these studies,
formalin-fixed, paraffin-embedded tissue was studied by markers capable of recognizing
broad classes of lymphocytes.
Flow cytometry is an effective means to phenotype viable suspensions of cells and
to sort cells into specific populations. Flow cytometry allows one to study the properties of
individual cells (31). The basic premise behind flow cytometry is that cells which have
been labeled with a fluorescence marker are passed in single file in front of a laser beam.
The cells can be sorted based on several different parameters. The flow cytometer detects
fluorescence of several different wavelengths so that a population of cells can be labeled
with different colored antibodies (ie. red vs. green). The flow cytometer is capable of
detecting the forward light scatter given off by the cell as it passes in front of the laser
40
0 0 0©0© @ O0
0 0
* g
0
K/X 20:1 K/X 1.2:1
Figure 14. Variable Kc:X ratios between species.
beam. Forward light scatter allows one to distinguish between dead and viable cells. Dead
cells will scatter less light than a viable cell. Cells can be sorted into different populations
based on cell size and cell granularity which is important when analyzing leukocytes.
Polymononuclear cells are medium in size and are very granular. Macrophages and
monocytes are large with low granularity. Lymphocytes are medium in size with low
granularity. Therefore, the primary advantage of flow cytometry is that a population of
cells, ie. leukocytes can be labeled with one or several monoclonal antibodies specific to a
subset of the cell population, ie. B lymphocytes vs. T lymphocytes and then sorted based
on viability, size, and antibody labeling. (73) Flow cytometry is extremely sensitive as it
can identify as few as 5-10% of the cells in a given population. (73) The advantage of
flow cytometry is a rapid analysis of individual cells. The disadvantage is the lack of
information with regards to the interaction of that cell with other cells, which is critical to
understanding disease pathogenesis.
Not all antibodies are created equal! Not all antibodies can be used for all
immunologic techniques. More often than not, an antibody which is useful in an
immunohistochemistry assay has limited applications in flow cytometry and vice-versa.
The location of the epitope recognized by the antibody is critical to the type of
immunoassay used. For example, an antibody which recognizes an intracellular epitope
can not be used on living cell suspensions, and therefore is not a good choice for use by
conventional flow cytometry. (74) In contrast, many of the antibodies we use on formalin
fixed tissue for immunohistochemistry do recognize an intracellular epitope. In this case,
an intracellular epitope is critical as it is able to survive the fixation process and remain in its
native conformation.
The antibodies described were selected for evaluation against ferret lymphoid tissue
for several reasons. All five antibodies recognize conserved epitopes which increases the
likelihood of species cross-reactivity. The CD3 and CD79a antibodies have been
demonstrated to recognize the appropriate antigen in normal and neoplastic tissue in
numerous species. The four antibodies (CD3, CD79a, kappa, and lambda) which have
demonstrated ability to recognize the correct antigen in formalin-fixed paraffin-embedded
ferret tissues are extremely useful as tissue architecture is preserved enabling accurate in
situ assessment of lymphoid distributions, as well as enabling one to perform retrospective
studies and evaluate archival tissues. (75)
A retrospective analysis of three permutations of lymphoma in the ferret was
performed with the use of these T-cell and B-cell markers. Rabbit anti-human CD3,
mouse anti-human CD79o0, and rabbit anti-human kappa and lambda light chain
immunoglobulin antibodies were used to characterize the lymphoid infiltrate in a peracute
syndrome of mediastinal lymphoma in young ferrets; an aggressive form of ocular
lymphoma in two adult ferrets; Helicobacter mustelae associated chronic lymphocytic
gastritis and gastric MALT lymphoma in adult ferrets.
Immunophenotypic Characterization of Spontaneous Lymphoma in Young Ferrets
INTRODUCTION
Naturally occurring lymphoma is a well documented and common neoplasm of
ferrets (Mustela putoriousfuro). (2-5) Two distinct syndromes have been described.
Young ferrets tend to exhibit a peracute disease course, characterized by respiratory distress
secondary to thymic enlargement. Microscopic evaluation of the mediastinal mass is
consistent with the National Cancer Institute (NCI) classification of either an
immunoblastic or a small, non-cleaved lymphoma. (2,3,5) Clinically, this syndrome is
consistent with that seen in children and in young cats with mediastinal lymphoblastic
lymphoma (41-43) In contrast, aged ferrets tend to develop lymphoma that is more
variable in its presentation, and is often characterized clinically by a chronic course of
disease. These ferrets develop generalized lymphadenopathy and splenomegaly. (2,3)
Histologically, many of these neoplasms are more pleomorphic than those seen in the
young ferrets. (3)
Immunophenotypic characterization of the lymphomas in young ferrets is critical to
further understanding of the disease in ferrets, and for further evaluation of the ferret as a
model of human disease. In cats, which have been suggested as a model of juvenile-onset
lymphoma, and in children, primary alimentary lymphomas are predominantly of a B-cell
phenotype, whereas those which originate in the mediastinum are generally of T-cell origin.
(42,44,76-78) Lymphoblastic lymphoma and small non-cleaved lymphoma, common in
children and young cats, are typically very aggressive clinically and histologcially.
(42,43,76) There is speculation that many of the juvenile onset lymphomas are virally-
induced. In cats, Feline Leukemia Virus (FELV) is linked with mediastinal T-cell
lymphoma. (76,77) In children, Epstein-Barr Virus (EBV) has been linked with Burkitt's
lymphoma, a B-cell tumor of the abdomen, head and neck. (41,42,79) Similarly, a viral
etiology to spontaneous lymphoma in ferrets has been proposed. (22)
Classification of the ferret lymphomas as either T-cell or B-cell in origin is helpful
in understanding pathogenesis, and possible etiologies of the disease. Numerous cell
surface-associated lymphoid antigens have been identified and subsequently exploited as
markers of T and B lymphocytes. Polyclonal and monoclonal antibodies specific for these
lymphoid antigens have been developed in order to study lymphocyte distribution in normal
and diseased conditions of humans and of several animal species. In the ferret, however,
few lymphoid specific markers exist. As a result, ferret lymphoma has not been adequately
characterized with regards to T-cell and B-cell distribution.
Two commercially available cell surface lymphoid antigen markers, polyclonal
rabbit anti-human CD3 and monoclonal mouse anti-human CD79a, were found to be
useful in differentiating T and B lymphocytes, respectively, in ferret lymphoid tissue, in
situ. The markers were characterized initially on normal ferret lymphoid tissue to determine
specificity and to delineate normal T and B lymphocyte distribution. Subsequently, tissues
from 10 young ferrets with a histologic diagnosis of lymphoma were typed by
immunohistochemistry and classified as T-cell or B-cell in origin.
MATERIALS & METHODS
Animals:
Tissue from ten young ferrets (<18 months) with clinical and pathologic evidence
of spontaneously occurring lymphoma was evaluated immunophenotypically. Four ferrets
(3 pets and 1 research animal) were referred to MIT's Division of Comparative Medicine
for a complete diagnostic evaluation. Four ferrets were pets which were diagnosed by the
referring veterinarian and had representative post-mortem tissue samples sent to the MIT
Division of Comparative Medicine's diagnostic lab for histopathologic evaluation. Two
ferrets were part of the MIT research colony specific pathogen-free for Helicobacter
mustelae, Campylobacter spp., Salmonella spp., Giardia sp., Coccidia, and Aleutian
Disease Virus and were maintained in an AAALAC approved facility. Clinical pathology
was determined on eight ferrets. ADV status based on serology was determined on eight
ferrets by immunofluorescent antibody (MIT) and by counter-immunoelectrophoresis
(United Vaccines, Harlan Sprague Dawley, Inc., Madison, Wisconsin) as previously
described. (22) Result were confirmed by a polymerase chain reaction based assay. (4)
Eight ferrets were tested for FELV by a p27 antigen enzyme-linked immunosorbent assay
(Leukassay FII, Pitman-Moore, Washington Crossing, New Jersey ). FELV status was
confirmed by PCR. (4) All ferrets were humanely euthanitized due to poor clinical
prognosis. Complete necropsy was done on all ferrets either by the referring veterinarian
or by the MIT pathology group.
Tissue:
Tissue from all ferrets was trimmed, thinly sectioned (5vm) and processed for
haematoxylin & eosin (H&E) staining and for immunohistochemical staining. Tissue for
immunohistochemical staining was placed on coated slides (Fisherbrand Colorfrost/Plus),
and stored at room temperature until processed. A histopathologic diagnosis of lymphoma
was made based on H&E staining. Lymphomas were classified according to the NCI's
working formulation of non-Hodgkin's lymphoma (40). The lymphomas were graded
based on the size of the neoplastic cell and on the mitotic index as previously described (4).
Briefly, the nuclear diameter of the neoplastic cell is compared to the diameter of a red
blood cell (RBC). A small cell lymphoma consists of neoplastic cells with a nuclear
diameter equivalent to one RBC; a medium cell lymphoma consists of cells with a nuclear
diameter equivalent to two RBC; and large cell lymphoma consists of cells with a nuclear
diameter equivalent to three RBC. A low mitotic index was defined as <3 mitoses/high
power field (hpf); an intermediate mitotic index equated with 3-8 mitoses/hpf; a high mitotic
index had >8 mitoses/hpf.
Antibodies:
Polyclonal rabbit anti-human CD3 (DAKO Corporation, Carpinteria, CA), monoclonal
mouse anti-human CD79a (DAKO),and polyclonal goat anti-ferret IgG (Kirkegaard & Perry
Laboratories, Inc., Gaithersburg, MD) were used on formalin fixed paraffin-embedded ferret
lymphoid tissue. The CD3 antibody is directed against a conserved intracellular epitope of the CD3
epsilon chain and has been shown to cross-react with many species. The CD79a antibody is
directed against a conserved intracellular epitope of the B cell antigen receptor complex, and has
also been shown to cross-react with many species. The IgG antibody is specific for ferret heavy
and light chain immunoglobulin.
Antibody Specificity:
Lymph node, spleen, and thymus from 5 clinically normal ferrets were processed
for immunohistochemistry to evaluate the affinity of the rabbit anti-human CD3 and the
mouse anti-human CD79oc antibodies for ferret tissue. Non-immune rabbit serum and non-
immune mouse serum were used as antibody controls. Human lymph node was used as a
positive tissue control for both the rabbit anti-human CD3 antibody and the mouse anti-
human CD79cc antibody.
Immunohistochemistry:
Slides were warmed to 56C for 30 minutes and subsequently deparafinized and
rehydrated in a series of xylene and ethanol baths at 25C. All subsequent manipulations
were carried out at room temperature. For the CD3 and IgG antibodies, endogenous
peroxidases were inhibited by incubation in Methanol and 3% H20 2 for 20 minutes.
Slides were washed with Tris-buffered saline, pH 7.4 (TBS), then incubated in pronase
(200u/50ml TBS) for 10 minutes, washed extensively in H20, and then in TBS. For the
CD79a antibody, slides were processed by a heat-based antigen retrieval method. (42)
Slides were immersed in Citrate buffer, pH 6.0, and boiled 2X for 5 minutes in a
microwave oven. Endogenous peroxidases were inhibited by incubation in Methanol,
0.3% H202, and 0.1% sodium azide. Slides were subsequently washed in TBS. The
primary antibody (CD3, CD79a, IgG, non-immune rabbit serum, non-immune mouse
serum, or non-immune goat serum) was applied at a 1:100 dilution for 60 minutes. The
slides were washed in TBS and the secondary antibody (biotinylated goat anti-rabbit IgG,
biotinylated rabbit anti-mouse IgG, or biotinylated rabbit anti-goat IgG) was applied at a
1:100 dilution for 30 minutes. Again, the slides were washed in TBS, and streptavidin-
horseradish peroxidase applied for 30 minutes. Diaminobenzidine was used as the color
substrate. Slides were allowed to air dry and were cover-slipped for subsequent
microscopic evaluation.
Western Blot Analysis:
To confirm that the rabbit anti-human CD3 antibody recognizes ferret T cells and
that the mouse anti-human CD79a antibody recognizes ferret Bcells, western blot analysis
was performed. Fresh lymphocytes (108) were isolated from the thymus, spleen, and
lymph nodes from healthy ferret donors. Cells were lysed in Ripa Lysis Buffer and run on
a 12.5% acrylamide gel. The proteins were electrophoretically transferred to a
nitrocellulose filter over 4 hours. The filter was blocked in 10% nonfat milk and 1%
bovine serum albumin (Sigma) overnight at 4C, washed 3X in PBS/Tween and then
incubated with the primary antibody (CD3 or CD79X) for 1 hour at room temperature.
The filter was washed 3X in PBS/Tween prior to incubation with the secondary antibody
(peroxidase labeled anti-rabbit IgG or peroxidase labeled anti-mouse IgG) for 1 hour at
room temperature. The filter was then washed 6X in PBS/Tween prior to detection via
ECL system (Amersham Life Science
RESULTS (Table 3)
Clinical Presentation:
Ten young ferrets, with clinical, gross pathological, and microscopic evidence of
lymphoma, were evaluated. The age of the ferrets at clinical presentation ranged from 6-18
months. The gender of the ferrets was equally split between males (5) and females (5). Six
of the ten ferrets presented with an acute onset of dyspnea. Clinical signs were otherwise
non-specific including lethargy, anorexia, and weight loss. Three exhibited a mild
hindlimb ataxia. One presented peracutely and was found moribund.
Clinical Pathology & Serology:
Seven of the eight ferrets on which clinical pathological data was available had
evidence of atypical circulating lymphocytes; five had an elevation in the absolute
lymphocyte count. Five of the ferrets demonstrated a normocytic, normochromic anemia.
Aleutian Disease Virus status based on serology and PCR was negative on all ferrets for
which the data was available. Feline Leukemia Virus status based on serology and PCR
was negative on the eight ferrets for which the data was available.
Gross Pathology:
A mediastinal mass was identified in nine of ten ferrets. Of these nine ferrets,
seven had widespread disseminated lymphoma involving numerous organ systems. Two
of the nine ferrets had lymphoma limited to the thymus and local lymph nodes. The one
ferret which did not have a mediastinal mass had generalized abdominal lymphoma. The
six ferrets which presented clinically with dyspnea all had large neoplams in the
mediastinum.
Histopathology:
All ten ferrets had a lymphoma which was characterized by an infiltrative, uniform
population of round cells arranged in sheets with occasional fibrovascular trabeculae. In
most cases, normal architecture was effaced by these round cells. Mitotic index was
moderate in all ten cases. Half of the cases (5/10) were consistent with immunoblastic
lymphoma (IB) as determined by the NCI classification system of lymphoid lesions.
These lymphomas consisted of medium to large round cells with scant eosinophillic
cytoplasm, single oval vesicular nuclei, and prominent basophilic nucleoli. Smaller
lymphocytes, of normal morphology, were interspersed throughout the neoplasm as were
larger cells resembling macrophages. The other 5/10 cases were consistent with small,
non-cleaved lymphoma (SNC) according to the NCI classification system. These
lymphomas were comprised of smaller round cells (approx - diameter) with a nucleus
containing condensed irregular chromatin. A starry sky appearance was noted in these
cases consistent with a prominent macrophage infiltrative component. Three cases (2
immunoblastic and 1 small, non-cleaved lymphoma) were characterized by irregular,
angular nuclei with numerous prominent nucleoli, and occasional multinucleated giant
cells.
Immunohistochemistry:
The rabbit anti-human CD3 antibody and the mouse anti-human CD79a antibody
recognized ferret T and B lymphocytes, respectively. A similar staining pattern was
observed in both the human lymph node and in the ferret lymph node. CD3 positive cells
were identified in the cortical interfollicular region, the site of T lymphocytes. Few CD3
positive cells could be found in the follicles, the site of B lymphocytes. CD79a positive
cells were identified in the lymph node follicles but not in the cortical interfollicular region.
In the ferret spleen, CD3 positive cells were identified in the peri-arteriolar lymphoid sheath
(PALS). CD79a positive cells were found in the splenic follicles. (Scattered IgG positive
cells were seen along the periphery of the PALS region.) In the thymus, the majority of the
cells were CD3 positive, and CD79a negative.
Immunophenotypic characterization of the ten lymphoma cases revealed that nine
were CD3+, CD79a -, and IgG-, suggestive of a T-cell origin. (Figure 15) One case
(ferret 5) was CD79a+, and CD3-, suggestive of a B-cell lymphoma. (Figure 16)
Antibody reactivity was evaluated in numerous tissues, including the mediastinal mass,
lymph nodes, spleen, and liver from all ten cases.. The neoplastic lymphocytic infiltrate
was extensive in all tissues with concurrent effacement of normal architecture. All tissues
demonstrated strong antibody staining and were clearly positive for either CD3 or CD79a
reactivity. There were no detectable differences in the character, or intensity of the staining
in any of the lymphomas, nor between the two classes of lymphoma, IB and SNC, that we
observed in these young ferrets. All SNC lymphomas were CD3+ and CD79a-, consistent
with a T-cell phenotype. Of the five IB lymphomas, four were CD3+ and CD79a-. One of
the IB lymphomas was CD3- and CD79ct+, indicative of a B-cell lymphoma. All nine
cases with gross evidence of a mediastinal mass were of a T cell phenotype. The one case
Table 3:CLINICAL, PATHOLOGICAL, & IMMUNOHISTOCHEMICAL FINDINGS IN 10 YOUNG FERRETS
Age Clinical Clinical ADV Felv Immuno-
(Ferret months) Gender Presentation Pathology Serology Serology Gross Pathology Histology histochemistry
Mediastinal Mass
Hepatomegaly 0D3+1CD79-1 1 2 F Moribund Lymphocytosis Neg Neg Hepatomegaly SNC CD3+/CD79-Splenomegaly
Lymphadenopathy
Malaise Mediastinal Mass
Lymphocytosis Neg Neg HepatomegalySNC CD3+/CD79-
Posterior paresis with Atypia SplenomegalyPosterior paresis Lymphadenopathy
Malaise Mediastinal Mass
3 12 F ND ND ND Hepatomegaly IB CD3+/CD79-
Splenomegaly
4 7 F Dyspnea Atypical Neg Neg Mediastinal Mass IB CD3+/CD79-lymphocytes
Malaise Anemia Hepatomegaly
5 8 F Posterior paresis Lymphocytosis Neg Neg Splenomegaly IB CD3-/CD79+
with Atypia Lymphadenopathy
Mediastinal Mass
6 1 8 M Malaise Atypical ND Neg Hepatomegaly IB CD3+/CD79-
Splenomegaly
Malaise Anemia Mediastinal Mass
7 9 M Dyspnea Atypical Neg Neg Splenomegaly IB CD3+/CD79-
Posterior Paresis lymphocytes Lymphadenopathy
Mediastinal Mass
8 6 F Malaise Anemia Neg Neg Hepatomegaly SNC CD3+/CD79-Dyspnea Lymphocytosis Splenomegaly
Lymphadenopathy
Malaise Anemia Mediastinal Mass
9 9 M Malaise Lymphocytosis ND Neg Splenomegaly SNC CD3+/CD79-yspnea with Atypia Lymphadenopathy
1 0 9 M Malaise ND ND ND Mediastinal Mass SNC CD3+/CD79-
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Figure 15: Small, non-cleaved Lymphoma - T cell Phenotype
Top - H&E 100X
Left - CD3
Right - CD79a
Figure 16: Immunoblastic Lymphoma - B cell Phenotype
Top - H&E IOOX
Left - CD3
Right - CD79a
which did not have a mediastinal mass but had widely disseminated lymphoma was
phenotypically a B cell lymphoma.
Western Blot Analysis:
Western blot analysis confirmed that the rabbit anti-human CD3 antibody is
recognizing an antigen, approximately 20kD, on ferret lymphocytes which corresponds
with the known molecular weight of the CD3 molecule and that the mouse anti-human
CD790 is recognizing an antigen of 47kD corresponding with the known molecular weight
of the mb-1 antigen of the B cell receptor.
DISCUSSION
Ten cases of high-grade lymphoma in ferrets less than eighteen months of age were
evaluated and immunophenotyped. Nine of the ten ferrets had a T-cell lymphoma which
appeared to originate in the mediastinum and was likely of thymic origin. One case was
identified in which the lymphoma was of a B-cell phenotype. This ferret did not have any
evidence of mediastinal or thymic involvement.
All ten cases had clinically aggressive tumors, irrespective of the phenotype. The
majority of the cases presented peracutely with dyspnea and were moribund within 48
hours. The mediastinal involvement in the nine affected cases was extensive at necropsy.
It appears that ferrets can compensate for an expanding thoracic mass and not show any
clinical signs until there is very little space remaining in the thoracic cavity for the lungs to
expand. Generally, by the time a clinical diagnosis is made in these young animals, it is
too late to institute therapeutic intervention.
The microscopic evaluation of the lymphomas correlated with the rapid clinical
demise. In all ten cases, the normal tissue architecture was destroyed and completely
infiltrated with the neoplastic lymphocytic infiltrate. Cells were tightly packed in a honey-
combed pattern consistent with a rapidly expanding tumor. Several of the tumors had areas
of necrosis suggestive of rapid growth.
The clear delineation of lymphocyte phenotype seen amongst this group of
lymphomas suggests that the T-cell lymphomas originated in the mediastinum, likely in the
thymus, and then metastasized throughout the body. Our 9 cases of mediastinal
lymphoma may represent a continuum of disease progression. Two cases were limited to
the mediastinum which may represent an early point in the continuum. Seven cases had
evidence of extensive mediastinal involvement in addition to widespread neoplastic
dissemination thereby representing a point later in the continuum. Interestingly, the only
B-cell lymphoma in the group did not have evidence of mediastinal or thymic involvement.
The clinical, histologic, and phenotypic features correlate with that described in the
young of other species. Unfortunately, the classification of lymphomas is not straight
forward and numerous classification schemes have been proposed over the past 30 years.
Ferret lymphomas have been described previously using the NCI working formulation (2-
5) which differs from the terminology used to describe feline lymphomas and from the
REAL (Revised European-American Lymphoma) classification scheme introduced in 1994
used to describe human lymphomas. (43) This disparity makes comparison of the
lymphomas between species difficult. In general, we believe that the high-grade,
intermediate to large cell lymphomas observed in these ferrets histologically resemble the
lymphoblastic lymphomas described in cats and in children.
The association between an aggressive mediastinal mass and T-cell lymphoma is
not uncommon in the young. Aggressive mediastinal T-cell lymphoma has been
recognized in many species including humans, cattle, horses, dogs, cats, and mice.
(41,76,77,80-82) The clinical course is generally very similar to that described in these
ferrets. Affected animals succumb to an acute onset of dyspnea and respiratory distress
due to a large mediastinal mass. The mass is typically an aggressive lymphoma often
characterized as lymphoblastic in nature.
Juvenile-onset lymphoma in certain species is known to have an infectious etiology.
This is best recognized in the domestic cat where aggressive T-cell mediastinal lymphoma
has been linked with Feline Leukemia Virus infection. (76,77) In humans, virally-
associated lymphoma has been described in both adults and in children. HTLV-I induces a
T-cell leukemia/lymphoma in adults in certain geographical regions. (41) In children,
Burkitt's lymphoma is the best described virally-associated lymphoma. (41) Burkitt's
lymphoma, which is associated with EBV is characterized histologically as a small, non-
cleaved lymphoma, and phenotypically as a B-cell tumor. (42) Histologically, some of our
ferret lymphomas resemble Burkitt's lymphoma in that they are small, non-cleaved and
have a characteristic "starry-sky" appearance. However, clinically and phenotypically the
ferret lymphomas do not correlate with Burkitt's lymphoma. In the ferret cases that we
describe, the SNC lymphomas were all of a T-cell phenotype. Burkitt's lymphoma
generally affects the abdomen, head and neck, and bone whereas our cases typically
affected the thorax and abdomen. Burkitt's lymphoma is widespread, comprising about
35% of all non-Hodgkin's lymphoma cases. (42) Interestingly, in approximately 25-30 %
of cases of children with non-Hodgkin's lymphoma, the presentation is a T-lymphoblastic
mediastinal lymphoma, (42) which is similar to that described in the ferrets. No viral
etiology has been definitively linked with this group of childhood mediastinal T-cell
tumors, although it has been suggested that EBV may play a role in the etiology of certain
peripheral T-cell neoplasms. (83)
There is evidence that a lymphotropic virus may exist in the ferret. Cluster
outbreaks of lymphoma have been described in several large groups of co-habitating ferrets
suggestive of a transmissible etiology. (4,5) In addition, horizontal transmission of
lymphoma to naive ferrets has been described. Ferrets developed disseminated lymphoma
following innoculation with either malignant lymphoid cells or a filtered cell-free
supernatant from cultured malignant lymphocytes, suggestive of a viral etiology. (22)
Feline Leukemia Virus has been suggested as a possible etiology underlying the high
incidence of ferret lymphoma. Splenic lymphosarcoma was reported in a ferret that was
FeLV positive based on serology. (7) However, we have tested our ferrets extensively for
FeLV infection and have been unable to establish any correlation between FeLV infection
and lymphoproliferative disease in ferrets. Aleutian Disease Virus has also been implicated
as a possible etiology of lymphoma/leukemia in ferrets (14). Chronic ADV infection in
ferrets has been shown to cause a hypertrophy of the thymus, however neoplastic changes
have not been described. (12) Our ferrets consistently test negative for ADV despite the
high incidence of lymphoproliferative disease observed.
Phenotypic analysis of these ferret lymphomas required the identification of
lymphoid cell surface markers which would cross-react and recognize ferret lymphoid
surface antigens. A ferret specific IgG antibody is commercially available, however this
antibody has limited applications on formalin fixed tissue. Immunoglobulin antibodies
tend to exhibit low specificity, resulting in a high degree of background. Immunoglobulin
is secreted and can bind non-specifically to cell surfaces, as well as bind to a variety of cells
via Fc receptors which can confound the interpretation of the staining. (41)
The commercially available polyclonal anti-human CD3 and monoclonal anti-human
CD790a antibodies were evaluated in ferrets since cross-reactivity with these antibodies has
been recognized in other species. (42,74,84,85) These antibodies proved to be very useful
as they recognize antigens which are complementary and therefore allowed us to begin to
broadly categorize ferret lymphomas. The CD3 antigen is expressed on all mature T
lymphocytes. The CD79a(mb-1) antigen is expressed on all B lymphocytes. CD3 is
structurally and functionally associated with the T cell receptor. The CD3/TcR complex is
important in the recognition of foreign antigen.(55) The B cell receptor is a heterodimer
composed of the mb-1 and B29 polypeptides. The B cell receptor is structurally and
functionally associated with surface immunoglobulins and is important in antigen
recognition. The CD3 antibody recognizes a conserved intracytoplasmic epitope on the e
subunit, believed to be the most immunogenic, of the CD3 antigen. (57) Analogously, the
CD79oa antibody recognizes the conserved intracytoplasmic C-terminus of the mb-1
polypeptide of the B cell receptor. (60)
These antibodies proved useful as they recognize the majority of T cells and Bcells
in normal and neoplastic tissue. Cross-reactivity of the CD3 and CD79a antibodies with
ferret lymphoid antigens was determined by observing characteristic anatomical labeling of
ferret lymphoid tissue in situ. The antibodies recognized lymphocytes in anatomic
locations specific for T & B lymphocytes, respectively, based on known distributions of T
and B lymphocytes. Confirmation of cross-reactivity was achieved by Western blot
analysis. Both the CD3 antibody and the CD79cz antibody labeled an appropriate weight
antigen, 20 kD and 47 kD respectively, from a preparation of ferret lymphocytes. We
believe that the Western blot in combination with in situ labeling of lymphocytes confirms
that the antibodies are labeling the appropriate lymphoid surface antigen, and that
lymphocyte distributions in ferrets are similar to that seen in other species. It is important
to note, however that definitive determination of whether a neoplasm is of T-cell or B-cell
phenotype is best determined by evaluation of DNA rearrangement of the T-cell Receptor
gene or the Immunoglobulin gene.
Our results suggest that the majority of the lymphomas in young ferrets are of a T-
cell phenotype. We are currently in the process of performing a genotypic analysis of these
lymphomas to determine clonality and to definitively determine if they are of a T-cell or a
B-cell origin. We believe that the ferret may make a good animal model of childhood
mediastinal lymphoblastic T-cell lymphoma due to the similarity in disease presentation
clinically, histologically, and phenotypically.
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Immunophenotypic Characterization of Ocular Lymphoma in Two Adult Ferrets
INTRODUCTION
Ocular lymphoproliferative lesions has been described in many species, including
humans, dogs, cats, cows, and most recently, ferrets. (86) Ocular lymphoproliferative
lesions can involve either intraocular or peri-ocular adnexal tissue. The lymphoproliferative
lesions described range from reactive lymphoid hyperplasia to atypical lymphoid
hyperplasia to lymphoma. (87) Ocular lymphomas are often very aggressive in nature.
(88) Approximately 50% of ocular lymphomas become systemic in nature. (89) B-cell
ocular lymphoma occurs with greater frequency, however T-cell ocular lymphoma
secondary to retroviral infection is being increasingly recognized. (45-49) In humans,
ocular involvement can be seen in Epstein-Barr virus associated T-cell lymphoma and in
Human T-Lymphotropic Virus I (HTLV-1) associated Adult T-cell leukemia/lymphoma. In
cats, ocular lesions have been recognized in association with Feline Leukemia Virus
infection (FELV). (86)
Ocular lymphoma was described in two adult ferrets. The lymphoma was rapidly
progressive and poorly responsive to therapy in both cases. The ocular lymphoma quickly
became systemic in nature resulting in the death of both ferrets. Histologic examination of
the affected tissues was consistent with the National Cancer Institute's definition of a small,
non-cleaved lymphoma. Small non-cleaved lymphoma is one of the more common forms
of lymphoma in ferrets of all ages. (3)
Immunophenotypic characterization of these two cases was performed in order to
determine if they were of a B-cell or a T-cell phenotype. Lymphoma in young ferrets is
typically T-cell in origin, whereas in adult ferrets both T-cell and B-cell lymphoma has been
recognized. (Coleman, submitted for publication)
MATERIALS & METHODS
Ocular tissue from two adult ferrets with clinical and pathologic evidence of
spontaneously occurring lymphoma was evaluated immunophenotypically. Both ferrets
were pet ferrets which were referred to MIT's Division of Comparative Medicine for post-
mortem histopathologic evaluation. One ferret had an antemortem ocular biopsy which
was sent to MIT for immunohistochemical staining.
Formalin-fixed paraffin-embedded tissue was thinly sectioned and placed on coated
slides (Fisherbrand Colorfrost/Plus) for immunohistochemical staining. Polyclonal rabbit
anti-human CD3 (Dako) and monoclonal mouse anti-human CD79a (Dako) were used to
detect ferret T and B cells respectively as previously described. (Coleman) Non-immune
rabbit serum and non-immune mouse serum were used in parallel as negative controls.
Briefly, slides were warmed to 56C, deparaffinized and rehydrated in a series of xylene
and ethanol baths prior to incubation in methanol and hydrogen peroxide to inhibit
endogenous peroxidases. For the CD3 antibody, slides were incubated in pronase to
expose the antigen. For the CD79a antibody, antigen retrieval was performed by a heat-
based method. Slides were incubated in the presence of the primary antibody, washed, and
incubated with a biotinylated secondary antibody. Slides were washed and incubated with
streptavidin-horseradish peroxidase. Diaminobenzidine was used as the color substrate.
RESULTS
One ferret presented initially with unilateral exophthalmos and exposure keratitis.
Biopsy of the ocular tissue revealed a lymphocytic dacryoadenitis. The ferret failed to
respond to chemotherapy, and was euthanitized due to a deteriorating condition. At
necropsy, it was evident that the lymphoma had spread to involve both eyes. A general
lymphadenopathy was noted, although all abdominal organs appeared grossly normal.
Histopathologic examination of the ocular and peri-ocular tissue revealed a uniform
population of immature lymphocytes consistent with a diagnosis of small, non-cleaved
lymphoma.
The second ferret presented initially with unilateral exophthalmos and was treated
with antibiotics for a periorbital abscess and cellulitis. The ferret failed to respond to
chemotherapy. A generalized lymphadenopathy and peripheral lymphocytosis developed
six weeks following the initial presentation. The ferret was euthanitized due to a
deteriorating condition. At necropsy, a mediastinal mass, splenomegaly with numerous
white foci, hepatic white foci, and generalized lymphadenopathy was found. The ocular
lesion remained confined to one eye although the mass had enlarged greatly since the initial
presentation. The globe was intact and apparently not involved. The mass appeared to be
entirely peri-ocular. Histologic examination of the affected tissue revealed a uniform
population of small to medium sized immature lymphocytes arranged in compact sheets.
Scattered macrophages were present throughout. Histopathology was consistent with a
diagnosis of small, non-cleaved lymphoma.
Immunohistochemical evaluation of all affected ocular tissue in both cases was
consistent with a T-cell phenotype. (Figure 17) The ante-mortem biopsy from the first
ferret contained many lymphocytes which did not stain with either antibody.
Approximately 50% of the lymphocytes were CD3+ and <1% of the lymphocytes were
CD79x+. The post-mortem tissue from this ferret displayed uniform staining with the
CD3 antibody. >90% of the lymphocytes were CD3+ and <1% were CD79at+. Tissue
from the second ferret demonstrated strong staining with CD3 (90%). Several lymphoid
follicles within the affected ocular tissue were evident which were CD79a-+. Neoplastic
infiltrates in the liver, spleen, and lymph nodes were also >90% CD3+.
DISCUSSION
Lymphoma is one of the most common neoplasms of the ferret, however ocular
lymphoma has been rarely described. (24) This report describes two adult ferrets that
presented initially with clinical signs referable to ocular pathology. One ferret had an initial
biopsy which was interpreted as an inflammatory response. The lesion eventually
progressed to a neoplasm. One ferret developed a multi-centric lymphoma following an
initial presentation of a peri-ocular mass. It appears that these two cases represent a
continuum of disease progression from initial inflammation to a localized neoplasm and
eventually to disseminated lymphoma.
Ocular involvement in association with systemic lymphoma is not uncommon.
This phenomenon has been described in many species. (86) Ten percent of cows with
lymphosarcoma develop ocular lesions. Clinically, cows present with exophthalmos and a
secondary exposure keratitis due to peri-orbital lymphoma. Dogs, in contrast, develop
endophthalmitis and uveitis in association with lymphosarcoma at an incidence of up to
forty percent. The lesions in dogs are intra-orbital in nature. Cats can present with both
intra-ocular and peri-ocular lesions in association with FELV infection or
myeloproliferative disease of unknown etiology. In humans, it has been reported that 50%
of patients diagnosed with ocular lymphoma will develop systemic lymphoma. (89)
Figure 17: Ocular Lymphoma - T cell Phenotype
top - CD3
bottom - CD79a
The majority of human ocular lymphomas are non-Hodgkin's lymphomas, although ocular
lymphoma can be a sequelae of infection with certain lymphotropic viruses. In general,
intraocular lymphoma is associated with significant morbidity and mortality. (88)
The distinction between a chronic lymphoproliferative lesion and lymphoma is often
a very fine line diagnostically, but extremely important prognostically. Generally,
histopathologic assessment is used in conjunction with immunophenotypic and genotypic
studies to determine if a lesion is proliferative or neoplastic in nature.(90,91) A neoplastic
lesion should demonstrate phenotypic clonality or a genotypic rearrangement of the T-cell
receptor or immunoglobulin genes. A retrospective Canadian study performed in 1996
compared the results of a histologic analysis of ocular lymphoproliferative lesions with a
genotypic evaluation of the same cases. They reported that about 90% of patients
diagnosed with ocular adnexal lymphoproliferative lesions actually had ocular lymphoma,
which of course impacts therapy and prognosis. (89)
Phenotypic characterization of the ferret lymphomas is helpful in understanding
disease etiology and progression. The two cases of ocular lymphoma in the ferret were
determined to be a T-cell phenotype. We were unable to determine clonality of the lesion
however we are developing a ferret specific T-cell receptor probe which will allow
determination of gene rearrangement consistent with a T cell neoplasm.
The majority of human ocular lymphomas are small, lymphocytic non-Hodgkin's
lymphoma of a B-cell phenotype. (87) T-cell ocular lymphoma is diagnosed far less
frequently than B-cell ocular lymphomas. The most notable exception being a lymphoma
associated with a viral infection, in which case these are most often T-cell lymphoma.
Ocular involvement has been described in association with Epstein-Barr virus associated T-
cell lymphoma (46). Human T-cell lymphotropic virus type I (HTLV-I) can induce a
uveitis by a CD4+ T-cell immune mediated mechanism. (92,93. Intraocular lymphoma
and retinal lymphoma have been identified in patients with HTLV-I infection.
Histopathologic examination and electron microscopy of the affected eye is consistent with
adult T-cell lymphoma/leukemia. (47,48) Ocular lymphoma has also been described in
association with the Human Immunodeficiency Virus (HIV). (49)
It has been suggested that spontaneous lymphoma in ferrets may have an infectious
etiology. Cluster outbreaks of lymphoma have been well documented amongst large
groups of ferrets in several different households. Horizontal transmission of lymphoma
was demonstrated by inoculating naive ferrets with malignant cells or cell-free supernatant
from ferrets diagnosed with multi-centric lymphoma. (22) Electron micrographs of
neoplastic cells demonstrate budding cellular particles suggestive of a type C retrovirus.
(unpublished data) Young ferrets develop a spontaneous T-cell mediastinal lymphoma
consistent with the phenotype demonstrated in these ocular lymphomas. (Coleman) A T-
cell lymphotropic virus would explain the high incidence of spontaneous lymphoma in
ferrets, and the high incidence of a T-cell phenotype. The ferret may make a good model of
virally-associated T-cell ocular lymphoma.
Immunophenotypic Characterization of Helicobacter associated Chronic Gastritis and
Gastric Lymphoma in Ferrets
INTRODUCTION
Chronic Helicobacterpylori infection has been linked with the development of
gastric mucosa associated lymphoid tissue (MALT) lymphoma in people. (34-39,94)
MALT is not a normal component of the gastric mucosa. (95) It is believed that MALT
arises secondary to chronic antigenic stimulation associated with chronic Helicobacter
pylori infection. (34,35) The presence of MALT in the stomach, in combination with other
chronic environmental stimuli, as well as genetic factors may constitute the necessary
setting for progression to a low grade gastric MALT lymphoma.(36)
The ferret has been widely used as an animal model of naturally occurring chronic
Helicobacter infection. (17-21) Ferrets chronically infected with Helicobacter mustelae
develop a chronic lymphocytic gastritis, primarily of the antrum, similar to that seen in
people. (18) Primary gastric lymphoma has been described in aged ferrets (>5years) in
association with chronic Helicobacter mustelae infection. (23) It is postulated that the
chronic lymphocytic infiltrate in response to chronic Helicobacter infection serves as a
precursor for the development of lymphoma in ferrets.
The histopathologic distinction between chronic gastritis and MALT lymphoma can
be very subtle. Immunologic techniques have been used to distinguish between benign
lymphoproliferative responses and malignant neoplastic lesions based on clonal expression
of immunoglobulin light chains, in human B-cell gastric MALT lymphoma. (37, 96-102)
Both kappa and lambda light chain restriction have been described in the human gastric
lymphomas. In the ferret, the gastric lymphomas described also are of a B-cell origin.(23)
Light chain restriction was demonstrated in the ferret neoplasms. The ferret syndrome
appears to be a good model of Helicobacter associated gastric lymphoma.
To better define the ferret model of Helicobacter associated gastritis and gastric
lymphoma, we were interested in evaluating cases of chronic gastritis in the ferret
immunophenotypically to determine if we could identify cases of low grade MALT
lymphoma analogous to that seen in people. Thirty-one cases of chronic gastritis in ferrets
chronically infected with Helicobacter mustelae were evaluated histologically. The
lymphocytic infiltrate was characterized with regards to T-cell and B-cell components.
Evidence of monoclonality based on light chain restriction was assessed based on
distributions of kappa and lambda light chain immunoglobulins in these cases of gastritis.
Morphologic features of chronic gastritis were correlated with immunophenotypic findings
for lymphocytes to better understand the pathogenesis and progression of Helicobacter-
associated gastritis and the development of MALT lymphoma.
MATERIALS & METHODS
Animals:
Stomachs were obtained from thirty-one ferrets chronically infected with
Helicobacter mustelae and from nine ferrets specific pathogen free (SPF) for Helicobacter
mustelae. The Helicobacter infected group consisted of thirteen pet ferrets which ranged in
age from one to ten years (Ferrets 1-13), and eighteen research animals which ranged in
age from one to two years. One of the pet ferrets (Ferret 13) was diagnosed with gastritis
antemortem and monitored for one year. Gastric biopsy samples were obtained at 8
months and 3 months prior to her death, as well as at necropsy. (Figure 20 ) The remaining
twelve pet ferrets were euthanitized for reasons not related to gastric disease, and the
stomachs were provided to us for histologic and phenotypic evaluation, post-mortem. Of
the research animals, four were one year old ferrets used in ophthamologic studies at an
outside university. (Ferrets 14-17) The stomachs from these four ferrets were provided to
us for histologic and immunohistochemical examination post-mortem. Fourteen were one
to two year old ferrets used in research protocols at MIT. (Ferrets 18-31) These ferrets
were enthanitized for reasons unrelated to gastric disease, and the stomach was evaluated
post-mortem. The nine SPF ferrets were research controls at MIT and were euthanitized
for reasons unrelated to gastric disease. The entire stomach was evaluated post-mortem.
Histopathology:
Stomachs were fixed in 10% neutral buffered formalin, paraffin embedded, and
thinly sectioned (5um) for haematoxylin and eosin staining and for immunohistochemical
staining. Histopathologic evaluation was ascertained by 2 independent reviewers. The
stomach was evaluated from the cardia to the pylorus. The fundus, proximal antrum, and
distal antrum (the sites of inflammation) were graded independently. The lesions were
graded on a scale of 0-5 based on a scale adapted by Wotherspoon et al. (34) (Table 4)
Helicobacter mustelae infection was determined by Warthin-Starry stained sections. In
nine cases, additional confirmation of Helicobacter infection was obtained by culture and
urease results. (Ferrets 13, 24-31)
Table 4: HISTOLOGIC GRADING SCHEME OF GASTRIC MUCOSA OF FERRETS
DESCRIPTION
Normal
Chronic Mild Gastritis
Chronic Progressive Gastritis
Chronic Gastritis with Lymphoid
Follicles/Nodules
Suspicious Lymphoid
Infiltrate/Possible Lymphoma
Low Grade MALT Lymphoma
HISTOLOGIC FEATURES
Rare lymphocyte or granulocyte in lamina propria
Scattered lymphocytic infiltrate in lamina propria
Clusters of lymphocytes in lamina propria and
submucosa
Lymphoid nodules/follicles in lamina propria and
submucosa
Lymphoid nodules/follicles +/- atrophy
+lymphoepithelial lesions +extension to lamina
propria and submucosa
Diffuse lymphocytes in lamina propria and
submucosa + effacement of architecture
Adapted from Wotherspoon et al., Lancet 1993
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GRADE
0
1
2
3
4
5
GRADE
Antibodies:
Polyclonal rabbit anti-human CD3 (DAKO) and monoclonal mouse anti-human
CD79a (DAKO) were used to detect ferret T and B cells respectively as previously
described. Polyclonal rabbit anti-human kappa immunoglobulin light chain (Biomeda) and
polyclonal rabbit anti-human lambda immunoglobulin light chain (Biomeda) were used to
detect ferret B cell subsets. Specificity of the kappa and lambda antibodies for ferret B
lymphocytes was determined by immunohistochemical staining of normal ferret lymphoid
tissue and by flow cytometric analysis of ferret peripheral blood lymphocytes from healthy
donors. In addition, the normal kappa:lambda ratio was established in the ferret before an
assessment of clonal shifts could be made. (see antibody characterization)
Immunohistochemistry:
Slides were warmed to 56C for 30 minutes and subsequently deparafinized and
rehydrated in a series of xylene and ethanol baths at 25C. All subsequent manipulations
were carried out at room temperature. For the CD3, kappa, and lambda antibodies,
endogenous peroxidases were inhibited by incubation in methanol and 3% hydrogen
peroxide for 20 minutes. Slides were washed with Tris-buffered saline, pH 7.4 (TBS),
then incubated in pronase (2001o/50ml TBS) for 10 minutes, washed extensively in H20,
and then in TBS. For the CD79a antibody, slides were processed by a heat-based antigen
retrieval method. Slides were immersed in Citrate buffer, pH 6.0, and boiled 2X for 5
minutes in a microwave oven. Endogenous peroxidases were inhibited by incubation in
methanol, 0.3% hydrogen peroxide, and 0.1% sodium azide. Slides were subsequently
washed in TBS. The primary antibody or non-immune control serum was applied to the
slides for 60 minutes. CD3 and CD79a were used at a dilution of 1:100. The kappa and
lambda antibodies were pre-diluted by the manufacturer and were applied to the tissues
neat. The slides were washed in TBS and the secondary antibody (biotinylated goat anti-
rabbit IgG or biotinylated rabbit anti-mouse IgG) was applied at a 1:100 dilution for 30
minutes. Again, the slides were washed in TBS, and streptavidin-horseradish peroxidase
applied for 30 minutes. Diaminobenzidine (DAKO) was used as the color substrate.
Slides were counter-stained with 0.1% methyl green, allowed to air dry, and were cover-
slipped for subsequent microscopic evaluation. Phenotypic analysis was graded on a scale
of 1-5 based on a scale modified from Segal et al. (103) (Table 5) The fundus, proximal
antrum, and distal antrum were evaluated independently for all four lymphocyte subsets.
Table 5:LYMPHOCYTE PHENOTYPE GRADING SCHEME
GRADE % POSITIVE LYMPHOCYTES
1 <20
2 20-40
3 40-60
4 60-80
5 >80
*Each antibody (CD3, CD79oc,kappa, lambda) evaluated individually
RESULTS
Histopathologic Assessment:
All forty ferrets exhibited some degree of lymphocytic gastritis. In general, there
was a correlation between the age of the ferret, colonization with Helicobacter mustelae,
and the degree of severity of gastritis. The SPF ferrets had evidence of a mild lymphocytic
gastritis primarily of the antrum. (Grade 1-2) Scattered lymphocytes, eosinophils, and
occasional small clusters of lymphocytes, were present in the deep lamina propria along the
muscularis mucosa of the distal antrum. The ferrets colonized with Helicobacter generally
had a more severe gastritis than the SPF ferrets. Lymphocytes were identified in the
superficial layers of the mucosa, the site of H.mustelae colonization, as well as in the deep
mucosa along the muscularis mucosa, as seen in the SPF ferrets. Many of these ferrets
had involvement of the fundus as well as the antrum. The younger ferrets tended to have a
mild to moderate gastritis, primarily of the antrum. (Grade 1-3) Older ferrets had a severe
gastritis (Grade 4) and in some cases, there was histologic evidence of gastric lymphoma.
(Grade 5) Mild gastritis was characterized by a diffuse lymphocytic infiltrate in the lamina
propria, localized primarily in the antrum. As the gastritis increased in severity, clustering
of lymphocytes in the lamina propria of the antrum was identified. These cluster of
lymphocytes eventually form lymphoid follicles. With increasing gastritis, the infiltrate
extended through the muscularis mucosa into the submucosa. The lymphoid follicles
appear to continue to expand with progression to lesions suggestive of neoplasia. In the
severe cases of gastritis, the lymphocytic infiltrate was extensive with involvement of the
mucosa and submucosa. Mucosal gland atrophy, lymphoepithelial lesions, and general
loss of normal architecture was evident in severe gastritis/low grade MALT lymphoma.
The topography of the lesions was characterized by a marked involvement of the antrum,
with a mild involvement of the fundus. (Table 6) (Figure 18) The gastritis correlated with
the location of the Helicobacter organisms. Helicobacter mustelae colonized the gastric
mucosa of the antrum primarily, and to a lesser extent the fundus. (Table 7) (Figure 19)
Generally, colonization and thereby associated gastric pathology increased proximally to
distally through the stomach.
Ferret 13 , a five year old pet male ferret with chronic gastrointestinal disease, was
followed chronologically and biopsied three times over a course of eight months. The
presenting complaint consisted of non-specific gastrointestinal symptoms, ie. anorexia,
diarrhea, and vomiting. Initial gastric biopsy was consistent with a severe lymphocytic
gastritis/low grade MALT lymphoma (Grade 4-5) Numerous Helicobacter organisms were
detected by a Warthin-starry stain. Additionally, gastric biopsy samples were urease
positive and culture positive for H.mustelae. A short course of antibiotics (10 days)
resulted in both clinical improvement and histologic improvement (Grade 2). Termination
of antibiotic therapy, however resulted in a relapse clinically. At necropsy, 3 months later,
he had a severe ulcerative lymphocytic gastritis (Grade 4). (Figure 20)
Immunophenotypic Analysis:
Mild gastritis (Grade 1-2) was characterized by a lymphocytic infiltrate comprised
primarily of T cells diffusely scattered in the lamina propria of the antrum, with an
occasional B cell. As the gastritis increased in severity, an accumulation of B cells was
noted with subsequent B cell follicular development. (Grade 3-4) A mild diffuse T cell
infiltrate in the lamina propria persisted throughout all stages of gastritis. The lesions
which progressed to neoplasia were predominantly of a B cell phenotype with occasional T
cells persisting in the lamina propria. In general, early gastritis was characterized by a T
cell infiltrate and severe gastritis was predominantly characterized by B cells. (Table 8)
(Figure 21)
Kappa and Lambda Antibody Specificity:
The anti-human kappa and lambda antibodies recognized ferret lymphocytes in situ
and by flow cytometry. Semi-quantitative analysis of kappa+ and lambda+ B cells in
normal ferret tissue correlated with the quantitative analysis of kappa+ and lambda+ B cells
in the peripheral blood. A kappa:lambda ratio was determined to be 1.2:1 in the ferret.
Kappa/Lambda Light Chain Expression in Gastritis:
Kappa/lambda light chain expression was evaluated to elucidate the transition from
B cell follicular proliferation to B-cell MALT lymphoma. Mild gastritis was primarily
characterized by a T cell infiltrate. The B cells which were present were represented by
both kappa+ and lambda+ cells equally and diffusely infiltrated in the lamina propria. In
moderate gastritis, B cells accumulate, and there is a polyclonal distribution of kappa+ and
lambda+ B cells consistent with benign hyperplasia. In cases of severe gastritis, clonal
shifts of either predominantly kappa+ cells or predominantly lambda+ cells could be
identified in the mucosa of the distal antrum. (Table 8) (Figure 22) This shifting may be
indicative of an early transition to neoplasia. Gastric MALT lymphoma was characterized
by large clonal populations of either kappa+ B cells or lambda+ B cells which is
supportive of a diagnosis of neoplasia based on the concept of monoclonality.
Table 6:Histologic Grade of 31 cases of Chronic Gastritis in the Ferret
CASE Fundus Proximal Antrum Distal Antrum
1 0 2 1
2 2 2 2
3 2 2 4
4 1 1 3
5 3 4 5
6 1 2 4
7 1 1 2
8 3 2 3
9 1 2 3
10 1 3 NE
11 1 5 5
12 4 NE NE
13 3 4 5
14 1 4 5
15 2 3 3
16 2 4 5
17 2 5 5
18 NE 2 4
19 1 1 1
20 1 2 2
21 1 2 3
22 1 2 3
23 NE 1 4
24 2 3 4
25 NE 2 NE
26 NE 3 4
27 1 2 3
28 0 1 1
29 1 2 2
30 NE 3 4
31 1 2 2
NE=not evaluated
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Figure 18:Chronic Lymphocytic Gastritis
top - Grade 2
bottom - left:Grade 3/right:Grade 4
I__ _
Table 7:Helicobacter mustelae Colonization - Chronic Gastritis
Proximal Antrum Distal Antrum
1 - +
2 -
3 - +
4 + + +
5 + + +
6 - - +
7 + + +
8 - + -
9 - +
10 - +
11 + + +
12 - - +
13 - + +
14 + + +
15 - + -
16 + + +
17 + + +
18 - + +
19 - - +
20 - + -
21 + +
22 + + +
23 - +
24 - +
25 - -
26 + +
27 + +
28 - +
29 + + NE
30 NE + +
31 - + +
CASE Fundus
Figure 19:Helicobacter mustelae Localized to the Gastric Pits of the Antral
Mucosa (Warthin-Starry)
Figure 20: Progression of Ferret 13
Biopsy 1 (9/92)
*Anorexia/Vomiting/Diaffhea
*Severe gastritis, grade 4-5
H-.mrustetae -•-
Antibio
Therap,
(Baytril
Biopsy 2 (2/93)
*Resolution of Clinical Signs
*Mild gastritis, grade 2
*H. mustelae+
No Treatn
*Anorexia,Neuroiogic signs
*Severe ulcerative gastritis, grade 4
*H.mustelae +
NecroNsv (5/93)
Table 8:lmmunophenotypic Analysis of the Antrum in Chronic Gastritis
Figure 21:Phenotypic Analysis of Chronic Lymphocytic Gastritis
top:Grade 2 - diffuse CD3+ lymphocytes in lamina propria
middle:Grade 3 - CD3+ lymphocytes (left) - neg lymphoid cluster
CD79a+ lymphocytes (right) - pos lymphoid cluster
bottom:Grade 5 - CD3+ lymphocytes (left) - <10% positive
CD79a lymphocytes (right) - >90% positive
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Figure 22:Phenotypic Analysis of Chronic Lymphocytic Gastritis
Demonstrating a kappa Ig Shift
top:Grade 2 - scattered Kig lymphocytes
middle:Grade 3 - scattered KIg lymphocytes
bottom: Grade 4- K Ig Clonal shift present
DISCUSSION
The histologic and phenotypic features of Helicobacter associated lymphocytic
gastritis in ferrets correlates with that described in humans. (18,23,34,35,38,94,104) A
continuum from mild lymphocytic gastritis to gastric MALT lymphoma was demonstrated
both histologically and phenotypically. The gastritis increases in severity over time and the
phenotypic character of the gastritis changes markedly as the histopathologic features
progress. A mild T lymphocytic gastritis progresses to a severe B cell lymphocytic gastritis
and eventually to a B cell gastric MALT lymphoma.
Lymphoid tissue is not a normal component of the gastric mucosa. (95) It is
believed that the chronic presence of Helicobacter organisms in the gastric mucosa induces
the development of MALT in the gastric mucosa. Chronic antigenic stimulation is believed
to result in lymphoproliferation which may eventually develop into a MALT lymphoma in a
continuum of pathology. (Figure 23 ) Humans chronically infected with Helicobacter
pylori develop a gastric MALT lymphoma which has been shown to regress following
eradication of H. pylori with antibiotic therapy. (39) This observation adds further support
to the theory that chronic antigenic stimulation may be a key contributor to the development
of MALT lymphoma. This observation has not been studied extensively in ferrets. Ferret
13, however, was treated with a short course of antibiotics. Antibiotic therapy did seem to
have an effect on the progression of gastritis. Microscopically, the gastritis regressed from
a low grade MALT lymphoma to a mild lymphocytic gastritis following antibiotic therapy.
Resolution was short term as termination of antibiotic therapy resulted in the recurrence of a
severe gastritis. One could infer from Ferret 13 that ferrets with a low grade MALT
lymphoma may demonstrate a similar regression of lymphoma following eradication of H.
mustelae as demonstrated in humans with H. pylori.
The distinction between severe benign lymphoproliferation and neoplasia is often a
fine line. In human medicine, light chain restriction based on phenotypic analysis is an
important criteria in the diagnosis of B cell malignancy. (96,98,105) The underlying
premise is that neoplasia arises from a single cell (clone). Since B cells express either
kappa or lambda light chains, malignancy can be inferred if the majority of the cells in a
lesion express either kappa or lambda B cells. Light chain restriction can not be used as the
sole criteria for diagnosis of neoplasia. Recently, genotypic analysis of either B cell
Lymphocytic Gastritis <<<<>>>> Lymphoma
Chronic
Infection
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Figure 23. Progression of lymphocytic gastritis to lymphoma.
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immunoglobulins or the T cell receptor has been used to further substantiate a diagnosis of
B cell or T cell malignancies, respectively. (37, 97,101,102,106-109)
Light chain restriction analysis was used in the ferret to distinguish between benign
and malignant lesions in a manner similar to that used in humans so that we could make
correlations between the ferret model and the human disease. Kappa and lambda light
chain immunoglobulin antibodies were found to be useful in the ferret both on formalin-
fixed tissue and on fresh cell suspensions. Analogous to humans, mild chronic gastritis in
ferrets is characterized by a polyclonal distribution of kappa and lambda expressing B cells.
As the gastritis increases in severity, a clonal shift was identified in several cases. In the
most severe cases of gastritis/low grade MALT lymphoma, monoclonal expression of
either kappa or lambda expressing B cells was identified which we used as confirmation of
neoplasia. (Figure 24) To date, we do not have the genotypic tools to identify
immunoglobulin gene rearrangements in ferret B lymphocytes to confirm a diagnosis of
neoplasia based on light chain analysis.
Raptopoulou-Gigi et al. phenotyped the lymphocytic infiltrate of the gastric mucosa
of people with chronic gastritis. (104) They found that the majority of the infiltrating
lymphocytes were CD4+ T cells in mild gastritis. As the gastritis increased in severity, the
B cell population increased proportionally in a direct correlation with gastritis severity.
Our findings in ferrets with chronic gastritis correlate with this phenotypic analysis of
human chronic gastritis. In addition, Raptopoulou-Gigi et al. reported an increase in IL-2
receptor positive cells in the mucosa of chronic gastritis which they attributed to a T cell
role in the pathogenesis of chronic gastritis. It has been speculated that T-cell dependent
B-cell proliferation is the mechanism underlying B-cell MALT lymphoma development. In
vitro studies performed by Hussell et al. demonstrated that neoplastic B cells obtained from
patients with H.pylori associated B-cell gastric MALT lymphoma would proliferate only in
the presence of T cells. They hypothesize that the response of low-grade B-cell MALT
lymphoma is dependent on H.pylori specific T cells, and not a direct response to the
Helicobacter organisms. (110)
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Figure 24. Schematic of light chain restriction in progression to neoplasia.
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The ferret is a good model of Helicobacter associated gastric pathology. The ferret
demonstrates the continuum from chronic antral gastritis to B-cell MALT lymphoma
analogous to humans in response to chronic Helicobacter infection. As further tools are
developed to study the ferret lymphocytic response to Helicobacter, we may be able to
further elucidate the pathogenesis of the development of lymphoma in response to chronic
bacterial stimulation.
DISCUSSION
The ferret (Mustela putoriousfuro) has a high incidence of lymphoproliferative
disease, and in particular, of naturally occurring lymphoma. (1-7) Phenotypic
characterization of the lymphocytic infiltrate in these syndromes is helpful in the elucidation
of the etiology and pathogenesis of lymphoproliferative disease in ferrets. Determination of
the lymphocyte cell type involved is instrumental in dissecting out the cellular pathways
and underlying mechanism which contribute to these diseases. Elucidation of the
lymphocyte phenotype can provide information about the factors (chemokines and
interleukins) which initially attract the cells to a particular tissue, as well as information
about the subsequent environment created by the resident lymphocyte population, ie
interleukins & other chemoattractants, or free radicals, which may be produced by the
lymphocytes. The entire cellular environment must be studied in order to truly understand
the pathogenesis of disease.
As there are few immunologic tools commercially available to characterize ferret
lymphoid tissue, it was necessary to identify and assess potential tools which could be used
to study ferret lymphoma, and hopefully begin to elucidate the complex mechanism
underlying this common neoplasm of ferrets. The first goal was to find a means to identify
the two major subclasses of lymphocytes - B and T lymphocytes. To further study
lymphocyte biology, it was necessary to identify subclasses of the B and T lymphocytes.
Finally, it was necessary to apply these tools in a manner which allowed the assessment, or
hypothesis, of function. Eventually, once the character of the cellular infiltrate is
established, then the cellular environment at the molecular level can be examined to fully
elucidate the disease pathway.
Ideally, one would create monoclonal antibodies specific for ferret lymphocytes.
An attempt was made to develop a ferret specific T cell marker, however this was
unsuccessful due to a lack of large quantities of antigen. It became apparent that there were
commercially available antibodies which would potentially cross-react with ferret
lymphocyte surface antigens. A variety of antibodies were evaluated for cross-reactivity
with ferret peripheral blood lymphocytes. Dog, cat, and mink lymphocyte subset markers
were assessed. The only marker which proved to be useful was a human CD8 marker,
OKT8, which had already been shown to cross-react with and recognize mink CD8 T
lymphocytes. (58) In turn, it was decided to evaluate other human specific lymphocyte
antibodies for cross-reactivity with ferret lymphocytes. Several human specific lymphocyte
antibodies were identified which recognize highly conserved epitopes and therefore proved
to cross-react and demonstrate specificity for ferret lymphocyte surface antigens. These
markers proved to be extremely valuable in the study of ferret lymphoid tissue and
lymphoproliferative disease.
Dako's polyclonal rabbit anti-human CD3 and monoclonal anti-human CD79a
antibodies demonstrated specificity for ferret T and B lymphocytes, respectively in situ.
Several research groups have demonstrated that these human specific antibodies will cross-
react and recognize T and B lymphocytes, respectively, in numerous species including
mice, rats, cats, dogs, horses, cows, pigs, sheep and goats. (51,84,85) This high degree
of cross-reactivity can be attributed to the antigen which the antibodies recognize. Both
antibodies recognize an intracellular epitope on a conserved region of either the T cell
receptor or the B cell receptor complex, a highly expressed lymphocyte antigen. (55-57,
59-62) The CD3 and CD79ox antibodies can be considered analogs as both recognize
epitopes which are expressed on the majority of T and B lymphocytes. T cells express the
CD3-T cell receptor complex early on in T cell development and maturation. Expression
persists through the mature T cell stage. (52-57) Likewise, B cells express the Ig- B cell
receptor complex early on in B cell development. Expression persists through the plasma
cell stage. (59-62). The CD3 and CD79a antibodies have proven to be very useful tools in
dissecting out ferret T and B lymphocyte populations in situ. These antibodies can be used
on formalin-fixed paraffin-embedded tissues, thereby allowing the dissection and study of
archival cases of naturally occurring ferret lymphoma.
Human specific lymphocyte surface antibodies were also employed to identify ferret
T lymphocyte and B lymphoctyte subsets. Ideally, one would like to initially divide T
lymphocytes into CD4+ and CD8+ lymphocytes as their functions are quite different. An
antibody which recognizes fresh, viable ferret CD8 lymphocytes was identified (OKT8,
Ortho). This antibody is not useful on formalin-fixed paraffin-embedded tissues which
limits its usefulness on studying archival cases of naturally occurring lymphoma. To date,
we have been unable to identify a lymphocyte marker which will recognize ferret CD4
lymphocytes. With regards to B lymphocytes, markers were identified which can
distinguish between mature B cells on the basis of their immunoglobulin light chains.
These antibodies, human specific kappa light chain immunoglobulin (Biomeda) and lambda
light chain immunoglobulin (Biomeda), have proven to be valuable in the elucidation of
certain B cell lymphomas and lymphoproliferation. The kappa and lambda antibodies will
recognize both fresh viable ferret lymphocytes as well as formalin-fixed, paraffin-
embedded lymphoid tissue allowing us to study current, as well as archival cases of
lymphoma and lymphoproliferative disease.
In summary, five antibodies were determined to be useful in the characterization of
ferret lymphocytes. A pan T-cell marker, CD3, and a pan B-cell marker, CD79a,
recognize ferret lymphocytes in situ. Two B-cell subset markers, polyclonal kappa and
lambda light chain immunoglobulin antibodies, recognize ferret lymphocytes in situ and in
suspension. One T-cell subset marker was identified which will recognize ferret CD8
lymphocytes in suspension. It is important to note that there is one commercially available
ferret specific antibody. Goat anti-ferret immunoglobulin (heavy and light chain) is
produced by Kirkegaard & Perry, Laboratories. This antibody is useful in studying
suspensions of fresh, viable lymphocytes and is therefore a good complement to the studies
performed with the OKT8 antibody and the kappa and lambda light chain immunoglobulin
antibodies. The ferret specific Ig antibody has limited application with respect to the study
of archival tissues. As a result, the antibody was not used extensively in these studies of
naturally occurring lymphoma.
These antibodies were used to dissect out the cellular phenotype of three different
syndromes of naturally occurring lymphoma. Lymphoma has been identified in most
organ systems of the ferret. The neoplasm has been described in all ages of ferrets as well.
Young ferrets typically develop mediastinal lymphoma. This lymphoma is often very
aggressive, with multicentric metastasis. The clinical course is characterized by a peracute
onset of dyspnea and a high mortality rate. (1-3,5) Many features of the mediastinal
lymphoma resemble that seen in young cats infected with Feline Leukemia Virus (FeLV).
FeLV associated mediastinal lymphoma is typically a T-cell phenotype, likely originating in
the thymus. (76,77) Similarly, children which develop a mediastinal lymphoma present
with respiratory difficulty secondary to a large space occupying mass which is often a T-
cell lymphoblastic lymphoma, and which is likely thymic in origin. (42,44) Elucidation of
the ferret syndrome enabled us to make comparisons between young ferrets afflicted with
lymphoma and the young of other species. Such comparisons contribute to the study of
comparative medicine as a whole, both in regards to enriching the health of ferrets, and for
contributing to the study of lymphomagenesis in general.
Adult ferrets develop lymphoma which is typically more varied in its origin,
aggressive and metastatic nature, pathology, and phenotype. (1-4) To begin to elucidate the
adult lymphomas, two very different syndromes were chosen for phenotypic evaluation.
Ocular lymphoma has been described rarely, although both cases exhibited very similar
clinical case histories and progression. Ocular lymphoma was recognized in two aged adult
ferrets, both of whom presented initially for exophthalmos which was attributed to
inflammation secondary to an infectious etiology. Neither case responded to
chemotherapy. Both cases progressed to develop lymphoma, which in one case
metastasized throughout the body.(24) Ocular lymphoma has been recognized in numerous
species, and in many cases, can be linked to a viral etiology. Cats infected with FeLV may
develop an ocular or peri-ocular lymphoma. (86) Cows have been reported to develop
ocular lymphoma with relative frequency which may be related to Bovine Leukemia Virus.
(86) In humans, the majority of ocular lymphomas are idiopathic in nature, and are
typically a B cell phenotype. (45) A proportion of human ocular lymphomas have been
linked with viral agents, including Human T-cell Lymphotropic Virus I (HTLV-I), Human
Immunodeficiency Virus (HIV), and Epstein Barr Virus (EBV). The virally associated
ocular lymphomas of people are typically T-cell in origin. (46-49)
The third syndrome of adult lymphoma in ferrets which was evaluated
phenotypically was Helicobacter associated gastric B-cell mucosa associated lymphoid
tissue (MALT) lymphoma. This syndrome has great importance with respect to ferret
biology and with respect to comparative medicine as it is a very important model of human
Helicobacter associated gastric B-cell MALT lymphoma. Ferrets are naturally infected at
weaning with Helicobacter mustelae. The incidence is close to 100%. The majority of
adult ferrets develop some degree of lymphocytic gastritis by twelve months of age which
tends to worsen as the ferrets age. (18) Aged ferrets are at risk for developing a MALT
lymphoma analogous to the syndrome of people. (23) To adequately compare the ferret
syndrome with that seen in humans, it was critical that we phenotype the ferret syndrome.
In humans, chronic gastritis has been described as a T-cell mediated B-cell proliferative
process which may ultimately progress to a B-cell MALT lymphoma. (110) Elucidation of
the cells involved in ferret chronic gastritis was paramount to further development of the
ferret as a model of Helicobacter associated gastric disease.
The immunophenotypic characterization of these three syndromes provided
important information with regards to ferret biology and to ferret model development. The
CD3 and CD790a antibodies were used initially to characterize each lymphoma as T-cell or
B-cell in origin. Mediastinal lymphoma of young ferrets is a T-cell lymphoma with many
shared clinical, histologic, and phenotypic features with childhood T-lymphoblastic
mediastinal lymphoma of people. The syndrome is also similar to FeLV associated T-
lymphoblastic mediastinal lymphoma of kittens. In both humans, and in ferrets, it has been
speculated that there may be a lymphotropic virus associated with mediastinal lymphoma
analogous to that seen in FeLV positive cats. A retroviral etiology could explain many of
the features of ferret mediastinal lymphoma. The incidence is relatively high for a young
onset. Clustering of mediastinal lymphoma has been described suggestive of an infectious
etiology. (5) In vitro studies have demonstrated elevated reverse transcriptase activity in
cultured peripheral blood lymphocytes as well as budding retroviral type C-like particles in
adult ferrets lymphocytes. (S Erdman)
The two cases of ocular lymphoma described were phenotypically T-cell in nature,
which correlates with the theory that there may be a ferret lymphotropic virus contributing
to the relatively high incidence of naturally occurring multi-centric lymphoma in ferrets. T-
cell ocular lymphoma in other species has been uniformly linked with virus etiologies. T-
cell ocular lymphoma of humans is relatively uncommon except in association with a T-
lymphotropic virus. Ferret ocular lymphoma has not been widely studied. It is too
preliminary to determine the potential pathogenesis underlying the development of this
neoplasm. One can speculate, however, that the neoplasm may be virally induced based on
current studies of adult ferret lymphomagenesis ongoing in the laboratory and by making
comparisons with other species that demonstrate similar clinical, histopathologic, and
phenotypic features.
Helicobacter mustelae associated chronic gastritis and gastric MALT lymphoma
correlate with that described in humans in association with chronic Helicobacter infection.
(104) Early mild chronic lymphocytic gastritis is characterized by a diffuse T-cell infiltrate
in the gastric antral mucosa. As the gastritis progresses in severity, clusters of B-cell
accumulate in the mucosa. Eventually, B-cell follicles form. As the follicles expand,
mucosal glandular atrophy is evident with lymphocyte extension through the muscularis
mucosa into the submucosa. Eventually, B cell proliferation is the primary feature of the
gastritis. A transformation occurs at some point, and the hyperplasia becomes neoplastic
and a B-cell MALT lymphoma is detected histologically and phenotypically. (36)
Differentiation of a B cell neoplasm and B cell hyperplasia was obtained by the use of the B
cell subset antibody markers, kappa and lambda light chain immunoglobulin antibodies.
Light chain analysis was used to differentiate between a benign polyclonal expansion of B
cells and a neoplastic monoclonal expansion of B cells by a similar technique as that used in
human medicine. (67-71) Several severe cases of gastritis showed evidence of clonal
expansion of either a kappa or lambda expressing B cell suggestive of an early shift to
neoplasia. B cell gastric MALT lymphoma was diagnosed in several ferrets based on a
phenotypic clonal shift in addition to certain histopathologic features consistent with
neoplasia. Phenotypic analysis of the ferret syndrome is suggestive of a T-cell mediated
process similar to that described in humans. It has been speculated that there may be a
synergistic interaction between a T-lymphotropic ferret virus and Helicobacter mustelae in
the pathogenesis of gastric lymphoma.
Immunophenotypic characterization of certain lymphoproliferative diseases in
ferrets has enabled us to begin to elucidate the cellular components involved in these
syndromes. The pathogenesis is likely to be complex, and will involve the interactions of
both T and B lymphocytes. There may be an infectious etiology with a predilection for T
lymphocytes, however an agent has not been isolated to date. As we continue to phenotype
more ferret syndromes, trends will become apparent which could aid in deciphering the
pathogenesis of ferret lymphoma. Additional tools will need to be developed which can
further dissect out ferret lymphocyte populations in normal and diseased tissues.
Mechanisms of disease still need to be elucidated to truly understand lymphomagenesis,
however, we are one step closer to unraveling the many complex components of ferret
lymphoma.
Table 9: Proposed Models of Ferret Lymphoma
Ferret Lymphoma Phenotype Proposed Model of Human Disease
S L Childhood T-Lymphoblastic Mediastinal
Mediastinal Lymphoma T-cell Lymphoma
Ocular Lymphoma T-cell Virally Associated Ocular T-cell Lymphoma
Gastric MALT B-cell Helicobacter pylori Associated B-cell Gastric
Lymphoma MALT Lymphoma
CONCLUSION
The ferret has been used extensively as an important model in comparative medicine
of viral diseases and more recently, of lymphoproliferative diseases. (18-30) The high
incidence of naturally occurring lymphoma in ferrets of all ages is an important disease to
study both to benefit ferret medicine as well as to increase our understanding of these
syndromes in general. Lymphoproliferative diseases have been described in most species,
yet are often poorly understood with respect to etiology and pathogenesis. The ferret is an
easy model with which to work, and is a model which shares many clinical and
histopathologic features of other species with similar disease syndromes.
To study lymphoproliferative disease in ferret, immunologic tools were identified
and characterized which could be used to study lymphocyte populations in normal and
diseased fresh and formalin-fixed tissues. A pan T-cell marker, CD3, and a pan B-cell
marker, CD79oc, were paramount in the elucidation of lymphocyte phenotype in archival
cases of lymphoma. To further dissect out B cell proliferation's, it was determined that
kappa and lambda light chain immunoglobulin antibodies were useful in the recognition of
ferret B cell subsets both in formalin-fixed tissue as well as on freshly isolated lymphocyte
suspensions. These antibodies proved to be essential in the characterization of B cell
proliferations.
These immunologic tools were used to characterize mediastinal lymphoma in young
ferrets, ocular lymphoma of adult ferrets, and Helicobacter associated chronic gastritis and
gastric MALT lymphoma in adult ferrets. Phenotypic analysis of these syndromes allowed
us to draw parallels with syndromes of other species. Mediastinal lymphoma in ferrets is
typically T-cell in origin, and has many shared features with other species which develop
mediastinal lymphoma. (42,44,76-78) Ocular lymphoma, also a T-cell phenotype, may be
similar to virally induced T-cell ocular lymphomas of other species. (45-49) Helicobacter
associated chronic gastritis and gastric B-cell MALT lymphoma of ferrets correlates with
the human syndrome, and is a very useful model of Helicobacter associated gastric disease.
(18, 23,34,35,38, 94)
Immunophenotypic characterization of these syndromes is important in further
development of the ferret as a model of human disease, and for its further use a significant
contributor to the field of comparative medicine.
REFERENCES
1. JG Fox. Biology and Diseases of the Ferret. Lea & Febiger, Philadelphia, 1988.
2. SE Erdman, FM Moore, R Rose, JG Fox. Malignant Lymphoma in Ferrets:Clinical
and Pathological Findings in 19 Cases. Journal of Comparative Pathology. 1992,
106:37-47.
3. SE Erdman, SA Brown, TA Kawasaki, FM Moore, X Li, JG Fox. Clinical and
Pathological Findings in Ferrets with Lymphoma:60 Cases (1982-1994). Journal of the
American Veterinary Medical Association. 1996, 208:1285-1289.
4. SE Erdman, PJ Kanki, FM Moore, SA Brown, TA Kawasaki, KW Mikule, KU
Travers, SF Badylak, JG Fox. Clusters of Lymphoma in Ferrets. Cancer
Investigation. 1996, 14:225-230.
5. MA Batchelder, SE Erdman, X Li, JG Fox. A Cluster of Cases of Juvenile Mediastinal
Lymphoma in a Ferret Colony. Laboratory Animal Science. 1996, 46:271-274.
6. X Li, JG Fox, SE Erdman, DG Aspros. Cutaneous Lymphoma in a Ferret (Mustela
putorius furo). Veterinary Pathology. 1995, 32:55-56.
7. PW Dean. FeLV Positive Splenic Lymphosarcoma in a Ferret. Companion Animal
Practice - Exotic Medicine. March 1987.
8. SH Smith, SP Bishop. Diagnostic Exercise:Lymphoproliferative Disorder in a Ferret.
Laboratory Animal Science. 1985, 35:291-293.
9. AJ Kenyon, T Magnano, CF Helmboldt, L Buko. Aleutian Disease in the Ferret.
Journal of the American Veterinary Medical Association. 1966,149:920.
10. PY Daoust, DB Hunter. Spontaneous Aleutian Disease in Ferrets. Canadian
Veterinary Journal. 1978, 19:133-135.
11. AJ Kenyon, E Howard, L Buko. Hypergammaglobulinemia in Ferrets with
Lymphoproliferative Lesions (Aleutian Disease). American Journal of Veterinary
Research. 1967, 28:1167-1172.
12. K Ohshima, DT Shen, JB Henson, JR Gorham. Comparison of the Lesions of
Aleutian Disease in Mink and Hypergammaglobulinemia in Ferrets. American Journal
of Veterinary Research. 1978, 39:653-657.
13. LS Palley, BF Corning, JG Fox, JC Murphy, DH Gould. Parvovirus-associated
Syndrome (Aleutian Disease) in Two Ferrets. Journal of the American Veterinary
Medical Association. 1992, 201:100-106.
14. AJ Kenyon, RC Williams. Lymphatic Leukaemia Associated with Dysproteinaemia in
Ferrets. Nature. 1967, 214:1022-1024.
15. BH Williams. Pathology of the Domestic Ferret (Mustela putorius furo). AFIP
Pathology of Laboratory Animals Course. 1996.
16. DC Ferguson. Idiopathic Hypersplenism in a Ferret.. Journal of the American
Veterinary Medical Association. 1985, 186:693-695.
17. JG Fox, BM Edrise, EB Cabot, C Beaucage, JC Murphy, KS Prostak.
Campylobacter-like Organisms Isolated from Gastric Mucosa of Ferrets. American
Journal of Veterinary Research. 1986, 47:236-239.
18. JG Fox, P Correa, NS Taylor, A Lee, G Otto, JC Murphy, R Rose. Helicobacter
mustelae-Associated Gastritis in Ferrets. An Animal Model ofHelicobacter pylori Gastritis
in Humans. Gastroenterology. 1990, 99:352-361.
19. JG Fox, G Otto, JC Murphy, NS Taylor, A Lee. Gastric Colonization of the Ferret
with Helicobacter Species:Natural and Experimental Infections. Reviews of Infectious
Diseases. 1991, 13:S671-680.
20. G Otto, JG Fox, PY Wu, NS Taylor. Eradication of Helicobacter mustelae from the
Ferret Stomach:an Animal Model of Helicobacter (Campylobacter) pylori Chemotherapy.
Antimicrobial Agents and Chemotherapy. 1990, 34:1232-1236.
21. JG Fox, G Otto, NS Taylor, W Rosenblad, JC Murphy. Helicobacter mustelae-
Induced Gastritis and Elevated Gastric pH in the Ferret (Mustela putoriusfuro).
Infection and Immunity. 1991, 59:1875-1880.
22. SE Erdman, KA Reimann, FM Moore, PJ Kanki, QC Yu, JG Fox. Transmission of
a Chronic Lymphoproliferative Syndrome in Ferrets. Laboratory Investigation.
1995. 72:539-546.
23. SE Erdman, P Correa, LA Coleman, MD Schrenzel, X Li, JG Fox. Animal
Model:Helicobacter mustelae-associated Gastric Mucosa Associated Lymphoid Tissue
(MALT) Lymphoma in Ferrets. The American Journal of Pathology. 1997,
24. TL McCalla, SE Erdman, TA Kawasaki, LA Coleman, X Li, WB Nelson, JG Fox.
Lymphoma with Orbital Involvement in Two Ferrets. Veterinary & Comparative
Ophthalmology. 1997, 7:36-38.
25. RC Pearson, JR Gorham. Ferrets in Biomedical Research. AFIP Comparative
Pathology Bulletin. 1987, vol XIX, no2.
26. C McLaren, GM Butchko. Regional T- and B-cell Responses in Influenza-Infected
Ferrets. Infection and Immunity. 1978, 22:189-194.
27. CA Kauffman, GM Schiff, JP Phair. Influenza in Ferrets and Guinea Pigs: Effect on
Cell-Mediated Immunity. Infection and Immunity. 1978, 19:547-552.
28. CA Kauffman, AG Bergman. Lymphocyte Subpopulations in the Ferret.
Developmental and Comparative Immunology. 1981, 5:671-678.
29. CA Kauffman. Cell-Mediated Immunity in Ferrets. Delayed Dermal Hypersensitivity,
Lymphocyte Transformation, and Macrophage Migration Inhibitory Factor Production.
Developmental and Comparative Immunology. 1981, 5:125-134.
30. CA Kauffman, AG Bergman, RP O'Conner. Distemper Virus Infection in Ferrets: An
Animal Model of Measles-Induced Immunosuppression. Clinical and Experimental
Immunology. 1982, 47:617-625.
31. CA Janeway, P Travers. Immunobiology:The Immune System in Health and
Disease. Current Biology Ltd., London, 1994.
32. REW Halliwell, NT Gorman. Veterinary Clinical Immunology. WB Saunders,
Co., Philadelphia, 1989.
33. P Correa. Chronic Gastritis:A Clinico-Pathological Classification. The American
Journal of Gastroenterology. 1988, 83:504-509.
34. AC Wotherspoon, C Ortiz-Hidalgo, M Falzon, PG Isaacson. Helicobacterpylori-
Associated Gastritis and Primary B-cell Gastric Lymphoma. Lancet. 1991, 338:1175-6.
35. AF Muller, A Maloney, D Jenkins, F Dowling, P Smith, EM Bessell, PJ Toghill.
Primary Gastric Lymphoma in Clinical Practice 1973-1992. Gut. 1995, 36:679-683.
36. R Calvert, J Randerson, P Evans, L Cawkwell, F Lewis, MF Dixon, A Jack, R Owen,
C Shiach, GJ Morgan. Genetic Abnormalities During Transition from Helicobacter-pylori-
Associated Gastritis to Low-Grade MALToma. Lancet. 1995, 315:26-27.
37. RJ Calvert, PAS Evans, JA Randerson, AS Jack, GJ Morgan, MF Dixon. The
Significance of B-cell Clonaltiy in Gastric Lymphoid Infiltrates. Journal of Pathology.
1996, 180:26-32.
38. S Nakamura, T Yao, K Aoyagi, M Lida, M Fujishima, M Tsuneyoshi. Helicobacter
pylori and Primary Gastric Lymphoma:A Histopathologic and Immunohistochemical
Analysis of 237 Patients. Cancer. 1997, 79:3-11.
39. AC Wotherspoon, C Doglioni, TC Diss, L Pan, A Muschini, M deBoni, PG Isaacson.
Regression of Primary Low-Grade B-cell Gastric Lymphoma of Musosa -Associated
Lymphoid Tissue Type After Eradication of Helicobacter pylori. Lancet. 1993,
342:575-577.
40. The Non-Hodgkin's Lymphoma Pathologic Classification Project. National Cancer
Institute Sponsored Study of Classification of Non-Hodgkin's Lymphomas:Summary and
Description of a Working Formulation for Clinical Usage. Cancer. 1982, 49:2112-2135.
41. HL Ioachim. Lymph Node Pathology, 2nd edition. JB Lippencott Co.,
Philadelphia, 1994.
42. JT Sandlund, JR Downing, WM Crist. Non-Hodgkin's Lymphoma in Childhood.
The New England Journal of Medicine. 1996, 19:1238-1248.
43. JJ Sreenan, RR Tubbs. The Influence of Immunology and Genetics on Lymphoma
Classification:A Historical Perspective. Cancer Investigation. 1996, 14:572-588.
44. JP Vannier. Childhood non-Hodgkin's Lymphomas:Clinical and Therapeutic
Aspects. Biomedical Pharmacotherapy. 1988, 42:263-269.
45. L Wang, R Xia, G Li. Immunohistochemical Study of 38 Cases of Primary Ocular
Adnexal Malignant Lymphomas. (Abstract). 1995.
46. I Cochereau, D Hannouche, C Geoffray, M Toublanc, T Hoang-Xuan. Ocular
Involvement in Epstein-Barr Virus Associated T-cell Lymphoma. American Journal of
Ophthalmology. 1996, 121:322-324.
47. SR Kumar, PS Gill, DG Wagner, PU Dugel, T Moudgil, NA Rao. Human T-cell
Lymphotropic Virus type I-associated Retinal Lymphoma. A Clinicopathologic Report.
Archives of Ophthalmology. 1994, 112:954-959.
48. T Kohno, H Uchida, H Inomata, S Fukushima, M Takeshita, M Kikuchi. Ocular
Manifestations of Adult T-cell Leukemia/Lymphoma. A Clinicopathologic Study.
Ophthamology. 1993, 100:1794-1799.
49. MC Schanzer, RL Font, RE O'Malley. Primary Ocular Malignant Lymphoma
Associated with the Acquired Immunodeficiency Syndrome. Ophthamology. 1991,
98:88-91.
50. DY Mason, P Biberfeld. Technical Aspects ofLymphoma Immunohistology. The
Journal of Histochemistry and Cytochemistry. 1980, 28:731-745.
51. T Tanimoto, Y Ohtsuki. Evaluation ofAntibodies Reactive with Porcine Lymphocytes
and Lymphoma Cells in Formalin-fixed,Paraffin-embedded, Antigen-retrieved Tissue.
American Journal of Veterinary Research. 1996, 57:853-859.
52. J Kuby. Immunology. 1992, WH Freeman & Co., New York.
53. JA Garson, PCL Beverley, HB Coakham. Monoclonal Antibodies Against Human T
Lymphocytes Label Purkinje Neurones of Many Species. Nature. 1982, 298:375-377.
54. JJM vanDongen, GW Krissansen, ILM Wolvers-Tettero, WM Comans-Bitter, HJ
Adriaansen, H Hooijkaas, ER vanWering, C Terhost. Cytoplasmic Expression of the CD3
Antigen as a Diagnostic Marker for Immature T-Cell Malignancies. Blood. 1988,
71:603-612.
55. DY Mason, J Cordell, M Brown, G Pallesen, E Ralfkiaer, J Rothbard, M Crumpton,
KC Gatter. Detection of T cells in Paraffin Wax Embedded Tissue Using Antibodies
Against a Peptide Sequence form the CD3 Antigen. Journal of Clinical Pathology.
1989, 42:1194-1200.
56. DY Mason, GW Krissansen, FR Davey, MJ Crumpton, KC Gatter. Antisera Against
Epitopes Resistant to Denaturation on T3 (CD3) Antigen Can Detect Reactive and
Neoplastic T cells in Paraffin Embedded Tissue Biopsy Specimens. Journal of Clinical
Pathology. 1988, 41:121-127.
57. C Transy, PE Moingeon, B Marshall, C Stebbins, EL Reinherz. Most Anti-Human
CD3 Monoclonal Antibodies are Directed to the CD3 e Subunit. European Journal of
Immunology. 1989, 19:947-950.
58. B Aasted. Mink Infected with Aleutian Disease Virus have an Elevated Level of CD8-
Positive T-Lymphocytes. Veterinary Immunology and Immunopathology.
1989, 20:375-385.
59. M Reth. The B-cell Antigen Receptor Complex and Co-receptors. Immunology
Today. 1995, 16:310-312.
60. DY Mason, CJM vanNoesel, JL Cordell, WM Comans-Bitter, K Micklem, AGD Tse,
RAW vanLier, JJM vanDongen. The B29 and mb-1 Polypeptides are Differentially
Expressed During Human B cell Differentiation. European Journal of Immunology.
1992, 22:2753-2756.
61. V Buccheri, B Mihaljevic, E Matutes, MJS Dyer, DY Mason, D Catovsky. mb-J:A
New Marker for B-Lineage Lymphoblastic Leukemia. Blood. 1993,82:853-857.
62. DY Mason, JL Cordell, AGD Tse, JJM vanDongen, CJM vanNoesel, K Micklem,
KAF Pulford, F Valensi, WM Comans-Bitter, J Borst, KC Gatter. The IgM-Associated
Protein mb-1 as a Marker of Normal and Neoplastic B cells. The Journal of
Immunology. 1991, 147:2472-2482.
63. RM Torres, H Flaswinkel, M Reth, K Rajewsky. Aberrant B cell Development and
Immune Response in Mice with a Compromised BCR Complex. Science. 1996,
272:1804-1808.
64. GM Bernier, JJ Cebra. Frequency Distribution of ac,y, K and A Polypeptide Chains in
Human Lymphoid Tissues. The Journal of Immunology. 1965, 95:246-253.
65. RE Langman, M Cohn. The Proportion of B-cell Subsets Expressi;ng C and A Light
Chains Changes Following Antigenic Selection. Immunology Today. 1995, 16:141-
144.
66. FW Klotz, WE Gathings, MD Cooper. Development and Distribution of B Lineage
Cells in the Domestic Cat: Analysis with Monoclonal Antibodies to Cat v-, 7--, c-, and A-
chains and Heterologous Anti-a Antibodies. The Journal of Immunology. 1985,
134:95-100.
67. R Levy, R Warnke, RF Dorfman, J Haimovich. The Monoclonality of Human B-cell
Lymphomas. The Journal of Experimental Medicine. 1977, 145:1014-1028.
68. A Johnson, E Cavallin-Stahl, M Akerman. Flow Cytometric Light Chain Analysis of
Peripheral Blood Lymphocytes in Patients with non-Hodgkin's Lymphoma. British
Journal of Cancer. 1985, 52:159-165.
69. RE Sobol, RO Dillman, H Collins, JC Griffiths, MR Green, I Royston. Applications
and Limitations of Peripheral Blood Lymphocyte Immunoglobulin Light Chain Analysis in
the Evaluation of Non-Hodgkin's Lymphoma. Cancer. 1985, 56:2005-2010.
70. DS Weinberg, GS Pinkus, KA Ault. Cytofluorometric Detection of B cell Clonal
Excess: A New Approach to the Diagnosis of B cell Lymphoma. Blood. 1984, 63:1080-
1087.
71. FS Ligler, RG Smith, JR Kettman, JA Hernandez, JB Himes, ES Vitetta, JW Uhg,
EP Frenkel. Detection of Tumor Cells in the Peripheral Blood of Nonleukemic Patients
with B-cell Lymphoma:Analysis of "Clonal Excess". Blood. 1980, 55:792-801.
72. MD Cooper. Current Concepts: B Lymphocytes, Normal Development and Function.
New England Journal of Medicine. 1987, 317:1452-1456.
73. MR Loken AM Stall. Flow Cytometry as an Analytical and Preparative Tool in
Immunology. Journal of Immunological Methods. 1982, 50:R85-R112.
74. M Jones, JL Cordell, AD Beyers, AGD Tse, DY Mason. Detection of T and B cells in
Many Animal Species Using Cross-Reactive Anti-Peptide Antibodies. The Journal of
Immunology. 1993, 150:5429-5435.
75. SL Perkins, CR Kjeldsberg. Immunophenotyping of Lymphomas and Leukemias in
Paraffin-Embedded Tissues. American Journal of Pathology. 1993, 99:362-373.
76. M Essex. Feline Leukemia and Sarcoma Viruses. Viral Oncology. G Klein, ed.
Raven Press, New York, 1980.
77. SM Cotter. Feline Leukemia Virus:Pathophysiology, Prevention, and Treatment.
Cancer Investigation. 1992, 10:173-181.
78. L White, SE Siegel, TC Quah. Non-Hodgkin's Lymphoma in Children. I. Patterns of
Disease and Classification. Critical Reviews in Oncology and Hematology.
1992, 13:55-71.
79. G de-The. Epstein-Barr Virus and Burkitt's Lymphoma Worldwide:The Causal
Relationship Revisited. IARC Sci. Publ, 1985, 60:165-76.
80. N Haran-Ghera. Pathogenesis of Murine Leukemia. Viral Oncology. G Klein, ed.
Raven Press, New York, 1980.
81. A Burny, C Bruck, H Chantrenne, Y Cleuter, D Dekegel, J Ghysdael, R Kettmann, M
Leclercq, J Leunen, M Mammerickx, D Portelle. Bovine Leukemia Virus:Molecular
Biology and Epidemiology. Viral Oncology. G Klein, ed. Raven Press, New York,
1980.
82.CA Holmberg, JS Manning, BI Osburn. Canine Malignant Lymphomas:Comparison
of Morphologic and Immunologic Parameters. Journal of the National Cancer
Institute. 1976, 56:125-135.
83. SH Lee, IJ Su, RL Chen, KS Lin, DT Lin, WM Chuu, KS Lin. A Pathologic Study
of Childhood Lymphoma in Taiwan with Special Reference to Peripheral T-cell Lymphoma
and the Association with Epstein-Barr Viral Infection. Cancer. 1991, 68:1954-62.
84. JA Ramos-Vara, MA Miller, E Lopez, N Prats, L Brevik. Reactivity of Polyclonal
Human CD3 Antiserum in Lymphoid Tissues of Cattle, Sheep, Goats, Rats, and Mice.
American Journal of Veterinary Research. 1994, 55:63-66.
85. L Ferrer, D Fondevilla, R Rabanal, A Ramis. Detection of T Lymphocytes in Canine
Tissue Embedded in Paraffin Wax by Means of Antibody to CD3 Antigen. Journal of
Comparative Pathology. 1992, 106:311-314.
86. D Slatter. Fundamentals of Veterinary Ophthalmology, 2nd ed. WB
Saunders Co., Philadelphia, 1990.
87. TJ Liesegang. Ocular Adnexal Lymphoproliferative Lesions. Mayo Clinical
Proceedings. 1993, 68:1003-1010.
88. SM Whitcup, MD deSmet, BI Rubin, AG Palestine, DF Martin, M Burnier, CC Chan,
RB Nussenblatt. Intraocular Lymphoma. Clinical and Histopathologic Diagnosis.
Opththalmology. 1993, 100:1399-1406.
89. VA White, RD Gascoyne, BK McNeil, WY Chang, LV Brewer, J Rootman.
Histopathologic Findings and Frequency of Clonality Detected by the Polymerase Chain
Reaction in Ocular Adnexal Lymphoproliferative Lesions. Modern Pathology. 1996,
9:1052-1061.
90. JA Gardiner, VA White, RD Gascoyne, J Rootman. Histopathologic,
Immunophenotypic, and Genotypic Analysis in Ocular Adnexal Lymphoproliferative
Disorders. Australian and New Zealand Journal of Ophthalmology. 1992,
20:247-251.
91. PM Chen, JH Liu, SH Lin, WM Hsu, SC Kao. Rearrangements of Immunoglobulin
Gene and Oncogenes in Ocular Adnexal Pseudolymphoma. Current Eye Research.
1991, 10:547-555.
92. M Mochizuki, K Tajima, T Watanabe, K Yamaguchi. Human TLymphotropic Virus
Type I Uveitis. British Journal of Ophthalmology. 1994, 78:149-154.
93. M Mochizuki, A Ono, E Ikeda, N Hikita, T Watanabe, K Yamaguchi, K Sagawa, K
Ito. HTLV-1 Uveitis. Journal of Acquired Immune Deficiency Syndrome and
Human Retrovirology. 1996, 13:S50-S56.
94. J Parsonnet, S Hansen, L Rodriguez, AB Gelb, RA Warnke, E Jellum, N Orentreich,
JH Vogelman, GD Friedman. Helicobacterpylori Infection and Gastric Lymphoma. The
New England Journal of Medicine. 1994, 330:1267-1271.
95. J Spencer, PG Isaacson. Immunology of Gastrointestinal Lymphoma. Bailliere's
Clinical Gastroenterology. 1987, 1:605-621.
96. T Eimoto, K Futami, H Naito, M Takeshita, M Kikuchi. Gastric Pseudolymphoma
with Monotypic Cytoplasmic Immunoglobulin. Cancer. 1985,55:788-793.
97. J Spencer, TC Diss, PG Isaacson. Primary B Cell Gastric Lymphoma, A Genotypic
Analysis. American Journal of Pathology. 1989, 135:557-564.
98. JKC Chan, CS Ng, PG Isaacson. Relationship Between High-grade Lymphoma and
Low-grade B-cell Mucosa-associated Lymphoid Tissue Lymphoma (MALToma) of the
Stomach.. American Journal of Pathology. 1990, 136:1153-1164.
99. R Mir, LB Kahn, G Selzer. Immunohistochemistry of Primary Gastrointestinal
Lymphomas:a study of 76 cases. Histopathology. 1986, 4:391-403.
100. CS Papadimitriou, NX Papacharalampous, C Kittas. Primary Gastrointestinal
Malignant Lymphomas. A Morphologic and Immunohistochemical Study. Cancer.
1985, 55:870-879.
101. F Fend, A Schwaiger, K Weyrer, A Propst. Early Diagnosis of Gastric
Lymphoma:Gene Rearrangement Analysis of Endoscopic Biopsy Samples. Leukemia.
1994, 8:35-39.
102. A Savio, G Franzin, AC Wotherspoon, G Zamboni, R Negrini, F Buffoli, TC Diss,
L Pan, PG Isaacson. Diagnosis and Posttreatment Follow-Up ofHelicobacter pylori-
positive Gastric Lymphoma of Mucosa-Associated Lymphoid Tissue:Histology,
Polymerase Chain Reaction, or Both? Blood. 1996, 87:1255-1260.
103. GH Segal, MG Edinger, M Owen, M McNealis, P Lopez, A Perkins, MD Linden, AJ
Fishleder, MH Stoler, RR Tubbs. Concomitant Delineation of Surface Ig, B-cell
Differentiation Antigens, and HLADR on Lymphoid Proliferations Using Threee-Color
Immunocytometry. Cytometry. 1991, 12:350-359.
104. M Raptopoulou-Gigi, M Polyzonis, H Orphanou-Koumerkeridou, J Agorastos, J
Vacolas, P Gigis. Immunohistochemical Phenotyping of the Stomach Infiltrating
Lymphocytes in Chronic Gastritis. Allergol Immunopathology. 1990, 18:87-89.
105. JA Strauchen, JP Mandeli. Immunoglobulin Expression in B-cell Lymphoma,
Immunohistochemical Study of 345 Cases. Hematopathology. 1990, 95:692-695.
106. J Cossman, M Uppenkamp, J Sundeen, R Coupland, M Raffeld. Molecular Genetics
and the Diagnosis of Lymphoma. Archives of Pathology of Laboratory
Medicine. 1988, 112:117-127.
107. A Arnold, J Cossman, A Bakhshi, ES Jaffe, TA Waldmass, SJ Korsmeyer.
Immunoglobulin-Gene Rearrangements as Unique Clonal Markers in Human Lymphoid
Neoplasms. The New England Journal of Medicine. 1983, 309:1593-1599.
108. YT Chen, TA Godwin, JA Mouradian. Immunohistochemistry and Gene
Rearrangement Studies in the Diagnosis of Malignant Lymphomas:A Comparison of 152
Cases. Human Pathology. 1991, 22:1249-1257.
109. N Berliner, KA Ault, P Martin, DS Weinberg. Detection of Clonal Excess in
Lymphoproliferative Disease by ic/ Analysis:Correlation with Immunoglobulin Gene
DNA Rearrangement. Blood. 1986, 67:80-85.
110. T Hussell, PG Isaacson, JE Crabtree, J Spencer. The Response of Cells from Low-
grade B-cell Gastric Lymphomas of Mucosa-associated Lymphoid Tissue to Helicobacter
pylori. Lancet. 1993, 342:571-574.
